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Section 1: Basic aspects of male sex 


Chapter 1: History and epidemiology of male 


sexual dysfunction 


History of male sexual dys- 
function 


Despite restrictive social attitudes and 
taboos have severely inhibited scientific 
investigation of human sexual function, a few 
investigators of human behavior have changed 
the course of modern social science through 
their interests in sexual medicine and sexual 
psychology. Sigmund Freud brought new 
concepts of the importance of sexuality at the 
end of the 19™ century and beginning of the 
20" century. 


As early as 1896, the aphrodisiac effects 
of yohimbine were reported by Leopold 
Spiegel, who extracted this substance from the 
bark of the West African yohimbe tree. 
Around that time reports on the successful 
treatment of “atonic impotence” by dorsal 
penile vein ligature procedures were also 
published in the literature. Only a few years 
later in 1914, “a device for the artificial 
erection of the penis”, the prototype of the 
vacuum devices, was discovered. Decades 
later, Alfred Kinsey’s epidemiologic studies of 
human sexual behavior, published in 1948 and 
1953, profoundly liberalized popular attitudes 
about sexuality in American society. In the 
1960s, Masters and Johnson contributed 
studies of sexual anatomy and physiology as 
well as new concepts about sex therapy, 
further lessening societal barriers to open 
discussion of human sexuality. At about the 
same time, research in sex steroid 
biochemistry led to the development of the 
birth control pill in the 1960s. The ability for 
women to control their own reproductive 
choices played a vital role in producing more 
liberal social attitudes about human sexuality 
and the resulting sexual revolution of the late 
1960s and early 1970s. 


Perhaps made possible by this sexual 
revolution, progress in male sexual medicine 
accelerated in the 1970s. Prior to this time, 
sexual dysfunction was considered to be an 
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endocrine or a psychologic problem. The usual 
treatments were testosterone therapy for men 
with hypogonadism, and psychotherapy. In 
the early 1970s, Vaclav Michal, a vascular 
surgeon from Prague, began to investigate the 
role of penile revascularization techniques for 
the treatment of vasculogenic erectile 
dysfunction. Interests in Michal’s surgical 
techniques led Adrian Zorgniotti in 1978 to 
organize the First International Conference on 
Corpus Cavernosum Revascularization in New 
York This conference evolved into biennial 
conferences which expanded to cover the 
entire field of sexual medicine. By 1984, these 
conferences became the meetings of the 
International Society for Impotence Research 
(AISIR). ISIR has since been renamed the 
International Society for Sexual Medicine 
(SSM). 


Also in the early 1970s, Small, Carrion, 
Scott and others in the United States created a 
dramatic change in treatment options for 
erectile dysfunction with the introduction of 
the modern era of penile prostheses. This 
resulted in new access to treatment for erectile 
dysfunction for tens of thousands of men 
worldwide, and created a new wave of popular 
and medical interest in sexual medicine. 


Subsequently, in 1981 the discovery in 
Paris by Ronald Virag of the erectogenic 
action of intracavernous injection of 
papaverine produced major advances in both 
the treatment of erectile dysfunction and the 
understanding of erectile physiology. By the 
mid-1980s, intracavernous injection therapy 
with papaverine, the mixture of 
papaverine/pentolamine, and later with 
prostaglandin E, became a common and 
effective treatment for erectile dysfunction. 


A particularly important development in 
sexual medicine occurred in 1992 when the 
National Institutes of Health in the United 
States called for a consensus development 
conference on impotence. The conference 


recommended using the term erectile 
dysfunction rather than impotence, and 
defined erectile dysfunction as the "consistent 
inability to attain or maintain a penile erection, 
or both, sufficient for adequate sexual 
relations". This effectively identified erectile 
dysfunction as a recognized disease state. 


As scientists dedicated more and more 
effort in the 1990s to elucidating the molecular 
biology of sexual and erectile physiology, a 
major basic science break-through occurred in 
the mid-1990s with the discovery of the role 
of nitric oxide in smooth muscle relaxation of 
the corpus cavernosum. Only a few years 
later, the greatest clinical breakthrough event 
in the history of male sexual medicine 
occurred with the approval of sildenafil, the 
first effective oral therapy for erectile 
dysfunction, which was launched in March 
1998 in the US. The social impact of sildenafil 
may have been even greater than its medical 
impact. While some 25 million men have 
benefited from sildenafil, and another five 
million or more have benefited from the newer 
phosphodiesterase inhibitors, vardenafil and 
tadalafil; the commercialization of these drugs 
has brought the subject of sexual dysfunction 
into common parlance and social discussion 
for hundreds of millions of men and women 
throughout the world. The introduction of 
sildenafil may have been the most important 
event in medical history in destigmatizing 
sexual dysfunction and reducing taboos about 
discussing sexuality. 


Proceeding into the beginning of he 21“ 
century, new trends in sexual medicine 
promise to promote more popular interest and 
public discussion. A new and specific 
treatment for premature ejaculation, one of 
the most common forms of male sexual 
dysfunction, is in the final stages of clinical 
development and an entirely new method of 
treating erectile dysfunction using the 
technique of gene therapy has just entered the 
initial stages of clinical development. 


Epidemiology of erectile dys- 
function 


The scale and potential social impact of 
erectile dysfunction may be best understood 
by an appreciation of its international 
frequency. In 1995, it is estimated that there 
were 152.000.000 men worldwide suffering 
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from erectile dysfunction. Because of the 
accelerating aging of the world population, 
coupled with the high prevalence of erectile 
dysfunction in men over 50, the world 
population of men with erectile dysfunction is 
expected to increase to 322.000.000 by the 
year 2025. With this high prevalence, erectile 
dysfunction will become a progressively more 
common and compelling public health 
problem throughout the world. 


A review of 15 large-scale prevalence 
studies from 1994 to 2004, reporting men with 
erectile dysfunction as a percentage of the 
studied population shows that the prevalence 
of erectile dysfunction has varied from a low 
of 10.2% to a high of 64%. Among all 15 
studies, the Massachusetts Male Aging Study 
is the one that is most often referenced. This 
study demonstrated an overall prevalence of 
erectile dysfunction of 52% in men aged 40- 
70. Of these 52%, 17.2% had minimal erectile 
dysfunction, 25.2% had moderate erectile 
dysfunction and 9.6% complete erectile 
dysfunction. 


Prevalence studies have produced much 
practical information of clinical importance. 
Across all prevalence studies, when 
controlling for other factors, increasing age is 
a strong risk factor for erectile dysfunction. 
This effect becomes especially prominent after 
about 50 years. For example, in 11 prevalence 
studies which report erectile dysfunction by 
decade of life, the prevalence of erectile 
dysfunction for men in their 30s is 2-15.9%, in 
their 40s is 9-39%, in their 50s is 16-67%, in 
their 60s is 27-76%, and in their 70s is 37- 
83%. Other major risk factors for erectile 
dysfunction include hypertension, hyper- 
lipidemia, diabetes, cardiovascular disease, 
and probably smoking. The common element, 
which links these risk factors and erectile 
dysfunction, is endothelial dysfunction. 
Epidemiologic studies are producing the very 


important new concepts that erectile 
dysfunction may be an early manifestation of 
endothelial dysfunction, that erectile 


dysfunction may be a sign of generalized 
endothelial dysfunction, and that erectile 
dysfunction may be a precursor for various 


forms of cardiovascular disease. These 
concepts, if true, will have powerful 
implications for strategies to promote 


cardiovascular health and to prevent 
catastrophic cardiovascular diseases such as 
stroke and coronary thrombosis. 


Even though erectile dysfunction 
increases significantly with increasing age, 
there is evidence of continued sexual activity 
in men over 70, and even beyond age 80. For 
men in the age range 70 to 79, a study 
conducted in Germany reported that 71% of 
men were sexually active, and a study in Japan 
reported that 55% to 70% of men were 
sexually active. The Japanese study also 
reported that 44% of men over age 80 were 
sexually active. Another study showed that, 
for men aged 50 to 80 in the United States and 
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six European countries, the number of sexual 
activities per month was consistently between 
5.4 and 6.5. These epidemiologic studies 
strongly suggest that a large percentage of 
men remain sexually active into their 70s and 
beyond. 


Another important concept in 
epidemiologic studies of erectile dysfunction 
is that the overall prevalence of concern in 
men with erectile dysfunction is only about 
one half of the overall number of men with 
erectile dysfunction. About one half of men 
with erectile dysfunction are bothered by it 
and one half are not. 


Section 1: Basic aspects of male sex 


Chapter 2: Sexual differentiation and maturation 


Sexual development 
Introduction 


Sexual differentiation is the sequence of 
the anatomic events occurring in the genital 
tract of the embryo leading to its development 
to a male or female. Sexual differentiation is a 
sequential process beginning with the 
establishment of chromosomal sex, followed 
by the development of gonadal sex, and 
culminating with the development of 
phenotypic sex. Each step in this process is 
dependent on the preceding one (Fig. 2.1). 
Chromosomal sex, established at the moment 
of fertilization, governs the gonadal sex of the 
individual. Gonadal sex in turn, regulates the 
development of phenotypic sex, that is, the 
differentiation of internal and external sex 
organs as well as attainment of adult 
secondary sexual characteristics. 


Differentiation of the genital tract of the 
human embryo to male and female phenotypes 
starts after 6 weeks of gestational age. 
Although most aspects of this process are 
completed by the end of the first trimester, 
certain functional and structural aspects of 
sexual development, including maturation of 
the genital tract and gonads, are not completed 
until postnatal life. 


The primordial genital system of both 
sexes has three components: (1) the indifferent 


gonads, (2) two genital duct systems (Wolffian 
and Miillerian) which give the internal genital 
tracts, and (3) the anlagen of the external 
genitalia. Differentiation of the testis precedes 
male phenotypic development whereas 
differentiation of the ovary takes place after 
female phenotypic development is far 
advanced. The internal genital tracts in the two 
sexes develop from different duct systems. In 
the male the Wolffian duct persists, and the 
Miillerian duct regress. The reverse occurs in 
the female. The external genitalia in the two 
sexes develop from common primordia, 
namely the genital tubercles, genital folds, and 
genital swellings. 


Development of chromosomal (genetic) sex 


Chromosomal sex is established at the 
moment of fertilization. If the fertilizing sperm 
contains an X chromosome, the zygote will be 
46, XX i.e. the genotype of the female; if the 
sperm carries a Y chromosome, the 46 XY 
karyotype that is characteristic of the male will 
result. The Y chromosome is essential for 
differentiation of the embryonic bi-potential 
gonad to a testis; even embryos with as many 
as four X chromosomes and a single Y 
chromosome develop into males. Two X 
chromosomes are required for normal ovarian 
differentiation; XO individuals have bilateral 
streak gonads. 


Chromosomal sex 


Gonadal sex 
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pe os Internal sex organs CNS 
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Fig. 2.1: Successive events of sexual differentiation 


However, sexual differentiation is not 
simply a result of the type of sex chromosome 
present in the fertilizing sperm. Genes that are 
essential for normal male development are 
also located on the X chromosome and genes 
that are essential to the development of both 
the male and female phenotype are located on 
the autosomes. Thus sexual differentiation is 
the result of interaction between genes on the 
autosomes and genes on the X and Y 
chromosomes. 


Development of gonadal sex 
Formation of the indifferent gonad 


The indifferent gonad develops from two 
sources which are originally separate and later 
become incorporated i.e. the primitive germ 
cells (gonocytes) and he genital ridge (anlage 
of the gonad). The germ cells appear in the 
first week of gestational life and are located 
outside the embryo in the Yolk Sac. The 
genital ridges appear during the fourth week of 
gestational life between the primitive kidney 
and the dorsal mesentery. They are formed 
from two sources, proliferation of the 
coelomic epithelium and condensation of the 
underlying mesenchyme. 


During the fourth and fifth weeks the 
germ cells migrate by amoeboid movement 
through the mesentery to reach the genital 
ridges. This migration may be directed by a 
chemotactic factor. During the migration, the 
germ cells steadily increase in number by 
means of mitotic division. Late in the fifth 
week of gestation, when germ cell migration is 
completed, the gonads of the male and female 
embryo are indistinguishable and are 
composed of three principal cell types: (1) 
germ cells, (2) supporting cells, and (3) 
interstitial cells. The supporting cells are 
derived from the coelomic epithelium of the 
genital ridge and differentiate either into the 
Sertoli cells of the testis or the granulose cells 
of the ovary. The interstitial cells are derived 
from the mesenchyme of the ridge. 


Development of the testis 
Differentiation of the testis 


Differentiation of the indifferent gonad to 
testis starts during the seventh week of 
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gestational life with formation of sex cords 
from the coelomic epithelium. (Fig. 2.2). 
These solid cords become incorporated with 
the germ cells which remain quiescent and do 
not proliferate or differentiate into 
spermatogonia until puberty. This suppression 
may be mediated by a Sertoli cell meiosis- 
inhibiting factor. 


The primitive Sertoli cells, which appear 
during the ninth week (Table 2.1) secrete also 
the Mullerian duct inhibitory hormone. Cells 
in the sex cords grow and become Sertoli 


cells, under the influence of SRY (sex- 
determining region of the Y sex 
chromosome). 

The testis cords are separated by 


mesenchyme that is stimulated to become 
Leydig cells by SRY protein. This occurs from 
the ninth week of development, and these cells 
start producing testosterone. Initially, the 
production is regulated by placental chorionic 
gonadotropin, but eventually the developing 
embryo’s own hypothalamus-pituitary axis 
takes over control with the pituitary secretion 
of human chorionic gonadotropin (hCG). 


Leydig cells appear during the ninth 
gestational week, rapidly proliferate, and start 
to secrete testosterone. These cells regress 
shortly after birth and reappear with onset of 
puberty. 


Testicular descent 


By the sixth week of gestation the 
gubernaculum first appears as a ridge of 
mesenchymal tissue extending from the 
genital ridge through a gap in the anterior 
abdominal wall musculature to the genital 
swellings that are the site of the future 
scrotum. This gap is the future inguinal canal. 
During the eighth week of gestation the 
processus vaginalis, a herniation of the 
coelomic cavity, forms along the course of the 
gubernaculum. The intra-abdominal pressure 
results in enlargement of the processus 
vaginalis around the gubernaculum and the 
formation of inguinal canal. By the end of the 
first trimester of gestational life (twelfth week) 
the testis has now assumed an intra-abdominal 
position and is located at the level of the 
internal inguinal ring. 


Seminiferous 
tubules 
Sex cords Tubuli recti 
Primitive Sertoli cells Rete testis 


Coelomic 
Pa eeu Tunica albuginea 
Genital ridge Tunica vaginalis 
Indifferent Interstitial tissue between 
gonad “ak Mesenchyme Sane tubules 
Leydig cells 


Germ cells > 
spermatogonia 


Fig. 2.2: Embryonic sources of different testicular elements. 


The process of testicular descent remains 
dormant from the third to the seventh month 
of gestation when the testis moves from the 
internal ring through the inguinal canal into 
the scrotum. During the seventh month of 
gestation the gubernaculum begins to swell 
and the processus vaginalis extends rapidly 
into the scrotum. The inguinal canal becomes 
stretched by the swollen gubernaculum and 
the intra-abdominal pressure leads to rapid 
descent of the testis through the stretched 
inguinal canal into the scrotum. 


The process of descent from the inguinal 
canal into the scrotum is also androgen 


dependent and it appears that dihydro- 
testosterone is the active androgen involved. 
After descent occurrence, the scrotal part of 
the processus vaginalis persists as the tunica 
vaginalis, while the upper part obliterates, and 
the gubernaculum subsequently atrophies. 


Development of phenotypic sex 


Differentiation of male internal and 
external sex organs is androgen dependent. It 
starts during the ninth week in which the testes 
complete differentiation and start secretion of 
fetal testosterone and is complete during the 
twelfth week (except the prostate and seminal 
vesicles). 


Table 2.1: Sequence of events in testicular differentiation. 


Week Events 


1 Germ cells identified in human embryo (4.5 days old) 


2,3 Germ cells in yolk sac and multiply by mitosis 


4 Appearance of genital ridge (coelomic epithelium and mesenchyme) 


Migration of germ cells through primitive circulation to genital ridge 


Migration of germ cells completed 


O N A U 


Formation of indifferent gonad completed (genital ridge with interspersed germ cells) 
Start of gonadal differentiation with formation of sex cords from coelomic epithelium 
Canalization of the solid sex cords giving rise to the seminiferous tubules which collect to 


give the tubuli recti which anastomose to give the rete testis 


Germ cells become incorporated into the sex cords 


Formation of tunica albuginea and intertubular septa from coelomic epithelium 


Remnants of the coelomic epithelium form the tunica vaginalis 


9 Formation of primitive Sertoli cells from the coelomic epithelium 


Germ cells become dispersed among the Sertoli cells 


Appearance of Leydig cells 


Onset of testosterone synthesis 


Development of internal sex organs 


At the end of the indifferent phase of 
phenotypic sexual development (prior to 6 
weeks), a dual duct system (Wolffian and 
Mullerian) constitutes the anlagen of the 
internal sex organs. Secretions from the fetal 
testis play a decisive role in determining the 
direction of internal genital tract 
development. 


In the presence of functioning testes, the 
Mullerian structure involute while the 
Wolffian ducts complete their development, 
whereas in the absence of testes the Wolffian 
ducts are resorbed and the Miillerian structures 
mature. These two events are mediated by a 
Miillerian duct inhibitory hormone secreted 
by the Sertoli cells and testosterone 
synthesized by the Leydig cells. In the 
persistent Miillerian duct syndrome genetic 
and phenotypic males have fallopian tubes and 
uterus due to absence of, or insensitivity to, 
Miillerian inhibitory hormone together with 
male Wolffian duct structures induced by 
testosterone. The influence of fetal testis on 
duct development is exerted locally and 
unilaterally since, if one testis is removed at an 
early stage of development, the oviduct will 
develop normally on that side, whereas 
Mullerian regression and Wolffian duct 
development will occur on the side with the 
intact testis. 


The ovary has no role in sex 
differentiation of the female genital tract since 
equally good development will take place if no 
gonad is present. 


The initial event in the virilization of the 
male internal sex organs is the onset of 
Mullerian duct regression, during the ninth 
week of gestation. The Mullerian ducts 
undergo almost complete regression so that 
only a small cranial portion persists, which is 
the appendix testis. Also, most of the 
mesonephric tubules regress, except those 
adjacent to the testis, which form the ductuli 
efferentes (head) of the epididymis. The 
cranial portion of the Wolffian duct, 
immediately distal to the ductuli efferentes, 
becomes elongated and convoluted to form the 
epididymis (body and tail), and the central 
portion of the duct develops thick muscular 
wall to become the vas deferens. At about the 
thirteenth week of gestation the seminal 
vesicles begin to develop as buds off the lower 
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portions of the Wolffian ducts. The terminal 
portions of the duct between the developing 
seminal vesicles and the urethra become the 
ejaculatory ducts and the ampulla of the vas 
deferens. By the end of the first trimester of 
gestation, the virilization of the Wolffian ducts 
is largely complete. 


The prostate starts to develop at the 
twelfth week of fetal life under the influence 
of fetal androgens. Multiple outgrowths 
develop from the prostatic urethra. They are at 
first solid and later become canalized. These 


simple tubular outgrowths branch and 
rebranch forming a compete duct system 
which extends into the surrounding 


differentiating mesenchymal cells. These cells 
start to develop around the tubules by the 
sixteenth week and differentiate into 
fibromuscular stroma that condenses at the 
periphery to form the prostatic capsule. 


Differentiation of external genitalia 


The external genitalia of both sexes 
develop from the caudal part of the urogenital 
sinus and the paired genital tubercles, genital 
(urethral) folds and genital (labioscrotal) 
swellings. Differentiation begins during the 
ninth week of gestation and continues to the 
twelfth week. 


In the male, the caudal part of the 
urogenital sinus gives rise to the posterior 
urethra (prostatic and membranous parts), 
Cowper’s glands and the prostate. The genital 
tubercles differentiate into the two corpora 
cavernosa and their crura. The urethral folds 
give the anterior urethra (bulbous and penile 
parts) with the surrounding  corpous 
spongiosum, which expands distally to form 
the glans penis. Thus the penis has two 
separate origins for its erectile bodies. The 
genital swellings fuse in the midline to form 
the scrotum. 


Penile length increases linearly, at about 
0.7mm. per week, from 10 weeks to normal 
term. A 12-fold increase occurs from 0.3cm at 
10 weeks to 3.5cm at term, a rate of growth 
about 3.5 times that of the clitoris. 


Differentiation of male external genitalia 
is regulated by androgens. Testosterone, 
which is secreted into the systemic circulation 
is converted to dihydrotestosterone by the 5-a 
reductase enzyme located in the external 
genitalia. 


The external genitalia begin their 
development in an undifferentiated state. As 
with the internal ductal system, the presence 
or absence of a Y sex chromosome with the 
Sry gene and the production of testosterone 
will drive the differentiation to a male or 
female phenotype. There are, however, many 
other gene loci implicated in successful male 
differentiation, some for the formation of the 
urogenital ridge — Wrt/ (Wilms’ tumor 1), SfI 
(steroidogenic factor 1), and Dax] (dosage- 
sensitive sex reversal, adrenal hypoplasia 
congenital, X chromosome); others for Sertoli 
cell functions — Sox9, FGF, Sry; and still 
others for transcription of the AMH gene- 
Fog2, Igf1. Actual phenotypic male expression 
involves testosterone production from Leydig 
cells, but several genes have been identified as 
producers of essential enzymes — SIAR, 
Cypllal, Cyp17, and 3 HSD. 


Sexual maturation 


Sexual development during infancy and 
childhood 


The child’s sexual apparatus is essentially 
formed, although not matured. A functioning 
hypothalamic-pituitary-gonadal axis is present 
and children produce small amounts of sex 
hormones. Testosterone production in boys 
resembles the amount present in the adult 
woman and estrogen are produced in very 
small amounts by both male and female 
children. 


Sexual development in the male child 


The penis of the newborn male is about 
3.5cm length. Penile growth, which is 
testosterone dependent, continues during 
infancy and childhood in spite of low levels of 
this hormones. During the first 2 years of life 
the penis grows an average of 1.5cm and 
during the next 9-10 years it will grow 
approximately the same amount. Thus penile 
length just before puberty is about 6.5cm. 
Penile growth will increase significantly once 
puberty begins and the levels of LH and 
testosterone increase. 


The scrotum of the newborn is dark red in 
color, flaccid, has distinct raphe, and is 
covered with sparse lanugo hairs. At about the 
seventh to the tenth month it becomes 
smoother, less flaccid, and its base increases in 
width. It undergoes no further changes until 
puberty when it begins to darken and wrinkle, 
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and its distal end becomes enlarged to 
accommodate the growing testes. 


The testes are not always in the scrotum at 
birth, but in most cases they have descended 
by the second to the eight week. By / year of 
age 80 percent of undescended testes have 
also descended. At birth, the normal testis 
averages 1.5cm in length, its shape is ovoid as 
in the adult, but position in the scrotum is 
more nearly vertical. At birth, the testis and 
epididymis are of equal size and almost 
completely separated from each other, while 
the adult epididymis is about one ninth the 
size of the testis. Following post-birth 
involution of the Leydig cells, the testes 
change only very slightly during the first half 
of childhood. Massive development sets in at 
puberty. Testicular consistency in boys is 
normally harder than in the adult. 


Some authors showed by histological 
examination that normal testicular 
development falls into three phases: 


1. A resting phase (from birth to the end of the 
fourth year): During which the seminiferous 
tubules remain small in diameter with no 
evidence of cell differentiation. 


2. A growth phase (fifth to ninth year): In 
which the seminiferous tubules elongate and 
become tortuous. The tubular diameter 
steadily increases but there is no 
differentiation of the lining cells. 


3. A maturation phase (ninth to fifteenth 
year): During which the tortuosity and 
diameter of the seminiferous tubules increase 
and cell differentiation starts. The tubular 
epithelial cells increase in size and number, 
mitotic activity begins in the basally situated 
spermatogonia, and primary and secondary 
spermatocytes and spermatids appear. 
Maturation of Sertoli cells and Leydig cells 
occurs and seminiferous tubules with active 
spermatogenesis are seen. These changes 
denote the occurrence of male puberty. 


The prostate, seminal vesicles and other 
accessory sex structures are very little 
developed in the child. The prostate is usually 
not palpable and no secretion can be massaged 
from it. 


Puberty 


Puberty is a sequence of physical changes 
which results in an individual being of adult 
sexual and reproductive function and are 


caused by increased hormonal stimulation. 
Puberty is a transitional period between 
childhood and adulthood and occupies 
several years (4.6 years). Pubertal changes 
include three basic aspects: (1) accelerated 
physical growth (2) genital growth, and (3) 
appearance of secondary sex characteristics 
(female breast, male voice, etc). There is a 
wide range of ages at which the physical signs 
of puberty may begin and at which the various 
stages of development are achieved. Normal 
puberty in boys starts between 9.5 and 14 
years of age and is completed after 4-6 years. 


The initial manifestation of male puberty 
is enlargement of the testis to a length greater 
than 2.5cm (volume > 3ml) whereas in the 
female acceleration of linear growth is the first 
indicator of puberty. 


The onset of puberty is due to the 
awakening of the hypothalamic-pituitary- 
gonadal (HPG) axis and the consequent 
endocrine effects. This results in growth and 
maturation of the genital organs and the 
appearance of the secondary sex 
characteristics. 


The existence of a hypothalamic pulse 
generator is well established, which triggers 
GnRH pulsatile secretion by hypothalamic 
neurons and activates gonadotropin secretion 
by the pituitary. However, the nature of this 
pulse generator and the detailed signaling 
mechanisms setting the onset of puberty, are 
largely unknown. 


orchidometer used 


Prader 
reference for testicular volume. Volumes 1 to 
3mL represents prepubertal status and 4mL 
onset of puberty. 


Fig. 2.3: as 
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Normal puberty in boys 


The first physical evidence of puberty 
among boys is increased testicular size. This 
occurs as a result of increased FSH stimulation 
and is recognized by measurement showing 
the long axis of the testis to be 2.5cm or more 
according to Tanner’s staging of genital 
growth (Table 2.2). Increased testicular 
volume can be measured by Prader 
orchidometer. Volumes I to 3 ml represent 
prepubertal status and 4ml onset of puberty. 
Onset of genital growth in the average boy is 
between 11.5 to 12.0 years but may occur as 
early as 9.5 years. Prader orchidometer can be 
used to measure the volume of the testes (Fig. 
2.3). 


The duration of each stage of male genital 
growth is variable. In general, adult male 
genital development is attained within 3 years 
after it is initiated. Thus, in the average boy, 
adult genital size is reached by about 15 years 
age. If male genital development has not 
begun by 14 years, if it is incomplete more 
than 4.7 years after initiation, or if genital 
stage 5 has not been reached by 17.1 years of 
age, evaluation is required to be certain that 
systemic or endocrinologic disease does not 
exist. 


Genital growth is generally followed by 
the appearance of pubic hair within 6 months. 
Thus 72% of boys will achieve genital stage 2 
before onset of pubic hair growth. In 75% of 
boys the peak of somatic growth coincides 
with genital stage 3-4, and so, in contrast to 
girls, is a later event of puberty. Peak growth 
in boys is reached at 14 years and in girls at 12 
years. 


Final height is gained after completion of 
the pubertal growth spurt. This reflects 
terminal differentiation and closure of the 
epiphyseal growth plates, which can be 
monitored by radiological examination of the 
skeleton. X-ray examination of the left hand is 
used for calculation of the status of 
prepubertal bone maturation (bone age), 
which should be equal to chronological age if 
normal. Patients with precocious puberty 
typically show advanced bone age whereas 
delayed puberty is characterized by retarded 
bone age. 


Normally there is areolar enlargement 
during male puberty. About 70% of boys will 


also develop subareolar breast tissue (benign 
adolescent gynecomastia) during puberty 
which disappear in the majority within 6 to 18 
months. Axillary hair usually appears 2 years 
after the onset of pubic hair growth. 


Midpuberty is marked in boys by peak 
somatic growth, voice pitch changes, axillary 
hair, acne and gynecomastia. Significant facial 
hair does not appear until about 3 years after 
pubic hair in the average boy. Accumulation 
of pubic hair to form the male escutcheon, 


Table 2.2: Stages of pubertal development in boys. 


heaviness of beard, and extent of chest and 
general body hair may progress for years after 
puberty is complete and may vary 
considerably among normal post-pubertal 
boys. 


Spermarche which is the onset of 
spermatozoa production and release, occurs in 
normal boys at median age of 13.4 years. 
There is a wide variation in testicular size and 
secondary sex characteristics at that time. 


Stage Tanner genital size stages Tanner pubic hair stages Other criteria 

1 Prepubertal: long testes axis < Prepubertal: no pigmented 
2.5cm pubic hair 

2 Early growth of testes, penis and Appearance of minimal Early voice changes 
scrotum pigmented hair at base of 
Testes length 2.5-3.3cm penis 

3 Increased penile length, further Dark, coarse, curly, sparse Maximal linear growth, 


growth of testes and scrotum 
Testes length 3.3-4.0cm 

4 Increased breadth of penis, 
development of glans, darkening 
of scrotal skin 
Testes length 4.0-4.5cm 

5 Genitalia adult in size and shape 
Testes length > 4.5cm 


hair over pubic area light hair on upper lip, 
acne 

Hair is adult in type but is less 

in distribution 

Adult in distribution Early beard 


Growth spurt completed 
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Section 1: Basic aspects of male sex 


Chapter 3: Anatomy of male sex organs 


The penis 


The penis is the male organ of copulation. 
It consists of an attached part, the root, and a 
free pendulous part, the body. The root is 
situated in the superficial perineal space and it 
includes two crura and the bulb. Each crus is 
attached to the ramus of the ischeal tuberosity, 
is covered by the ischiocavernosus, and 
continues anteriorly as a corpus cavernosum. 
The bulb of the penis lies between the two 
crura in the superficial perineal space. It is 
attached to the inferior fascia of the urogenital 
diaphragm and is covered by the 
bulbocavernosus. The enlarged posterior part 
of the bulb is penetrated above by the urethra 
which extends forwards in its substance. As it 
passes forwards, the bulb becomes narrower 
and continues as the corpus spongiosum. 


The body of the penis consists of three 
elongated masses of erectile tissue, two 
corpora cavernosa and the corpus 
spongiosum. The corpora covernosa form the 
main bulk of the penile body. Each corporal 
body is made up of a network of trabeculae 
composed of connective tissue and smooth 
muscle and are covered with endothelium 
which lines also the spaces between the 
trabeculae. The corpora cavernosa are 
surrounded by a dense fibrous covering, the 
tunica albuginea, and are separated by a 
median fibrous septum which has many 
perforations that allow free passage of blood 
from one side to the other, allowing the two 
corpora to function essentially as a single unit. 
The corpora cavernosa are surrounded by 
another dense fascial sheath, buck’s fascia, 
which is superficial to the tunica albuginea 
and sends fibrous septa that extend between 
the three corpora of the penile body. 


The corpus spongiosum lies in the ventral 
groove formed by the two larger corpora 
cavernosa. It contains the urethra and enlarges 
at its distal end to form the glans penis. The 
glans penis is separated superficially from the 
rest of the penile body by a constriction, the 
neck of the glans. The corona glandis is the 
prominent margin of the glans adjacent to the 
neck. 
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A median slit near the tip of the glans is 
the external urethral meatus. A double layer of 
skin, the prepuce (foreskin) passes from the 
neck to cover the glans for a variable distance. 
The frenulum of the prepuce is a median fold 
that passes from the deep layer of the prepuce 
to a point on the glans immediately proximal 
to the external urethral orifice. 


The skin of the penis is remarkable for its 
thinness, its dark colour and its looseness of 
connection with the fascial sheath of the 
organ. The high degree of cutaneous 
sensitivity possessed by the general surface of 
the glans penis is even more marked near the 
frenulum. The prepuce is separated from the 
glans penis by a potential space, the prepucial 
sac. On the corona of the glans and on the 
neck of the penis there are numerous small 
prepucial glands, which secrete a sebaceous 
material, the smegma. 


The penis is supported and suspended by 
two ligaments, the fundiform and the 
suspensory ligaments. Both are continuous 
with the fascia of the penis and are attached to 
the penis near the junction of the body with 
the root. The first is continuous with the linea 
alba and the second is attached to the 
symphysis pubis. 


The penis is a highly vascular organ. It 
receives most of its blood supply from the 
internal pudendal artery which is a branch of 
the hypogastric artery. The internal pudendal 
arty gives the bulbar artery, the urethral artery, 
the deep artery of the penis and the dorsal 
artery of the penis. The urethral and brulbar 
arteries supply the urethra and corpus 
spongiosum including the glans penis. The 
deep artery of the penis (Cavernous artery) 
runs through and supplies the entire of the 
corpus cavernosum. Inside the cavernous 
structure it divides into convoluted and dilated 
vessels named the helicine arteries which are 
supported by trabeculae and open into the 
cavernous spaces. 


The dorsal artery of the penis runs 
beneath the deep fascia on the dorsum of the 
penis. Its branches help to supply the erectile 


tissues of the corpora cavernosa and corpus 
spongiosum, and they anastomose with 
branches of the deep artery of the penis and of 
the artery of the bulb. The dorsal artery 
provides most of the blood supply to the glans. 


The venous drainage of the penis occurs 
by three major divisions of veins present at 
separate levels: (1) superficial (superficial 
dorsal veins), (2) intermediate (deep dorsal 
vein), (3) deep (bulbar veins, urethral veins, 
and the cavernous and crural veins), as well as 
unnamed emissary, circumflex, and 
communicating veins that allow venous 
anastomoses. The superficial dorsal veins 
drain the prepuce and the skin of penis. The 
deep dorsal veins drain the glans and the mid 
and distal parts of the corpora cavernosa into 
the periprostatic plexus. The bulbar and 
urethral veins drain the corpus spongiosum. 
The cavernous and crural veins drain the crura 
and the proximal part of the corpora cavernosa 
into the periprostatic plexus and the internal 
pudendal veins. 


The skin of the penis drains into the 
superficial inguinal lymph nodes. The glans 
and the corpora drain into the deep inguinal 
nodes. The superficial and deep inguinal nodes 
drain into the external and common iliac 
nodes. 


The penis receives both sensory and 
autonomic nerve supply. The dorsal nerves of 
the penis, which are branches of the pudendal 
nerves, carry the afferent sensory supply from 
the penile skin especially the glans. The 
cavernous nerves carry the efferent autonomic 
supply to the corpora cavernosa and corpus 
spongiosum. These nerves are responsible for 
erection and they arise from the prostatic 
plexus of nerves which is a part of the pelvic 
plexus made of a parasympathetic component 
from S2-S4 and a sympathetic component from 
the hypogastric plexus. 


Scrotum 


The scrotal pouch is partitioned into two 
sacs by a partial median septum. Each sac 
contains a testis, epididymis and the spermatic 
cord. The scrotal sac consists of six layers: 
skin, dartos muscle (smooth muscle), external 
spermatic fascia, cremasteric muscle (skeletal 
muscle), internal spermatic fascia, and the 
tunica vaginalis. The scrotum aids in heat 
regulation of the testes through dartos muscle 
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which contracts during cold leading to 
shrinkage of scrotum and relaxes in a warm 
environment. 


The anterior scrotum derives its blood 
supply from the external pudendal artery while 
the posterior scrotum is supplied by branches 
of the internal pudendal artery. The scrotum 
nerve supply is from the lumbosacral plexus 
through the ilioinguinal (Tj. and L)), 
genitofemoral (L23), pudendal (S234) and 
posterior femoral cutaneous (S;>3) nerves. 


The scrotal nerves contain sensory, 
sympathetic, parasympathetic and somatic 
efferent fibers. The lymphatic drainage of the 
scrotum is to the superficial inguinal nodes. 


The scrotum can contract and relax quite 
rapidly in response to various external and 
internal circumstances. It relaxes and becomes 
pendulous with warmth, fatigue, or a relaxed 
psychic state, while it contracts and becomes 
elevated with fear, cold, physical exertion and 
during the sexual act. The scrotum has erotic 
sensitivity to light pressure, especially 
posteriorly and laterally. The scrotum thins 
with age, and chronic relaxation with a limited 
or absent coital reaction is frequent in older 
men. 


The testis 


The adult testis is ovoid in shape and 
normally measures 4.6cm in longest diameter 
(range 3.6 to 5.5cm) and 2.6cm in width 


(range 2.1 to 3.2cm) and weighs 
approximately 32gm. A length less than 
3.6cm signifies hypogonadism. Normal 


testicular consistency is medium-hard and 
somewhat elastic. In about one half of adult 
men one testis is suspended lower than the 
other. The two testes are separated by a 
septum. 


The testis is surrounded by a capsule 
made up of three layers; the outer tunica 
vaginalis, the middle tunica albuginea, and the 
innermost tunica vasculosa. The tunica 
vaginalis covers the testis everywhere except 
where it attaches to the epididymis and the 
spermatic cord. The tunica albuginea contains 
collagenous tissue and smooth muscles which 
give the contractile capability to the testicular 
capsule. The tunica vasculosa is a vascular 
network made of branches of the testicular 
artery and sends numerous terminal branches 
into the testicular parenchyma. The intra- 


testicular vascular network is arranged in such 
a way as to allow cooling of arterial blood and 
exchange of hormones between the circulation 
and the seminiferous tubules and Leydig cells. 
Testicular temperature is 2 to 4°C lower than 
rectal temperature. 


The testicular parenchyma consists of 
seminiferous tubules embedded in interstitium. 
The seminiferous tubules are long and highly 
convoluted; if a tubule were stretched to full 
length, it would extend to 2 feet. Some authors 
estimated that the combined length of the 600 
to 1200 tubules in the human testis is 
approximately 250 meters. The daily 
production of sperms by both testes is 
approximately 123 millions (range 21 to 374 
millions). The seminiferous tubules terminate 
into straight ducts, the tubuli recti (15 to 20 in 
number), which empty into the rete testis. The 
rete testis is made of a network of 
anastomosing tubules lined by flattened 
epithelium which coalesces to form the ductile 
efferentes which form the head of the 
epididymis. The interstitial connective tissue 
between the seminiferous tubules contains 
blood vessels, lymph vessels, fibroblastic 
supporting cells, macrophages, mast cells and 
Leydig cells. The interstitium occupies about 
34 percent of testicular volume, of which the 
Leydig cells account for about 5 to 12 percent. 
The Leydig cell mass weighs approximately 
lgm and contains approximately 700 million 
Leydig cells. 


There are two types of fluid which 
originate in the testicular parenchyma. The 
interstitium is drained via lymph capillaries 
that originate within the inter-tubular spaces 
and give rise to lymphatic ducts that pass in 
the spermatic cord. The seminiferous tubules 
drain through the rete fluid which is the 
extracellular fluid bathing the Sertoli cells and 
germinal cells and flows from the 
seminiferous tubules into the rete to form the 
rete testis fluid which is transported, with its 
content of sperms, into the head of epididymis. 
Rete testis fluid resembles neither plasma in 
the spermatic vein nor lymph in the lymphatic 
ducts draining the testis. This difference is due 
to presence of a blood-testis barrier, at the 
tight junctions between Sertoli cells 
membranes, that prevents free diffusion of 
substances into and out of the seminiferous 
tubules. 
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The arterial blood supply to the testis is 
derived from the internal spermatic artery 
which arises from the aorta just below the 
renal artery and course through the spermatic 
cord to the testis where it anastomoses with 
the cremasteric artery and the artery of the vas 
branching off from the hypogastric artery. The 
venous drainage of the testis and epididymis is 
accomplished by a dozen veins which 
anastomose around the vas deferens in the 
spermatic cord at the internal inguinal ring to 
form the pampiniform plexus. This plexus is 
ultimately reduced to a single vein, the 
spermatic vein, which on the right side enters 
the vena cava and on the left, empties into the 
left renal vein. The lymphatic drainage from 
the testis passes to the lumbar lymph nodes, 
which in turn, are connected to the mediastinal 
lymph nodes. 


The testis has no somatic innervation but 
is supplied by autonomic sympathetic supply 
via the superior spermatic nerves which are 
derived from the intermesenteric plexus and 
the renal plexus. This origin of testicular nerve 
supply may explain testicular pain association 
with upper urinary tract disease. Testicular 
nerve supply is restricted to small interstitial 
blood vessels thus probably serving only a 
vasomotor function. 

Epididymis 

The epididymis is made of three 
segments: A head (caput), a body (corpus), 
and a tail (cauda). The head is situated at the 
upper pole of the testis, the body lies behind 
the testis on its posterior aspect, and the tail is 
attached to the inferior pole. The head is made 
of the ductuli efferentes and the body and tail 
form a single tube, the ductus epididymis. The 
efferent ductules, 12 to 20 in number, arise 
from the rete testis. The ductules, which are 
straight, become exceedingly convoluted to 
form conical masses known as the lobules of 
the epididymis, which together form its head. 
Each lobule consists of a single convoluted 
duct about 15 to 20cm long. All ducts open 
into one, the ductus epididymis. The lower end 
of the duct is termed the tail while the rest 
form extensive convolutions which constitute 
the body of the epididymis. This convoluted 
tubule, if stretched, will be 6 meters in length. 
It increases in diameter and thickness as it 
approaches the tail where it becomes the vas 
deferens. 


The ductus epididymis is encapsulated by 
a sheath of fibrous tissue which sends septa 
that divide the duct into histologically similar 
regions. A network of loose connective tissue 
arises from the septa, supporting the ductal 
convolutions and their associated vascular and 
nerve supply. The epididymis has contractile 
smooth muscle cells and is innervated by 
sympathetic fibers. The epididymis receives 
arterial supply from the testicular, vasal and 
cremasteric arteries. The veins of the 
epididymis drain to the pampiniform plexus. 
Lymphatic drainage of the head and body of 
the epididymis go, like the testis to the 
preaortic nodes while the epididymal tail, like 
the vas deferens, drains to the external iliac 
nodes. 


Vas deferens 


This is a very thick, muscular duct 2 to 
3mm in diameter, 30 to 35cm in length, with a 
lumen approximately 0.5mm in diameter. It 
begins at the tail of epididymis and terminates 
in the ejaculatory duct. Because of its heavy 
muscular coat it can be palpated through the 
soft tissues of the spermatic cord. It travels 
through the spermatic cord and the inguinal 
canal, and then leaving the cord, it loops over 
the origin of the inferior epigastric artery and 
passes extraperitoneally, caudally, and 
laterally in the pelvic wall. It passes medial to 
the distal end of the ureter, bends caudally to 
reach the midline, and lies on the posterior 
wall of the bladder, just medial to the seminal 
vesicle. It terminates in a dilated, spindle- 
shaped ampulla, which lies between the base 
of the bladder and the rectum, from which it is 
separated by the rectovesical fascia; it finally 
passes downwards to the base of the prostate, 
where it is joined at an acute angle by the duct 
of the seminal vesicle to form the ejaculatory 
duct. 


The vas deferens may be divided into five 
parts: (1) the sheathless epididymal part 
contained within the tunica vaginalis, (2) the 
scrotal part, (3) the inguinal part, (4) the 
retroperitoneal or pelvic part, and (5) the 
ampulla. 


In cross section, the vas deferens consists 
of an outer adventitial sheath of connective 
tissue containing blood vessels and nerves, a 
muscular coat made of a middle circular layer 
surrounded by inner and outer longitudinal 
muscle layers, and a mucosal inner layer of 
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epithelial lining. The vas deferens receives its 
arterial supply from the artery of the vas and 
has both sympathetic and parasympathetic 
nerve supply. The cholinergic supply is of 
minor importance while the rich adrenergic 
supply derived from the hypogastric nerves 
via the presacral nerve, is important for the 
motor activity of the vas deferens. 


Ejaculatory duct 


This is the short (about 2cm) slender 
termination of the vas deferens after it has 
joined the duct of the seminal vesicle. It 
traverses the glandular tissue of the prostate to 
open into the prostatic urethra at the crista 
urethralis on either side of the prostatic utricle. 
The walls of the ejaculatory duct are thin, 
containing an outer fibrous layer and a thin 
layer of muscular fibres, which has an outer 
circular and inner longitudinal layer. The 
mucous membrane is columnar epithelium. 


Sper matic cord 


When the testis descends into the 
scrotum, passing through the abdominal wall, 
it carries with it its vessels, its nerve supply 
and its lymphatics as well as the vas deferens. 
All these structures meet at the deep inguinal 
ring and together form the spermatic cord, 
which then suspends the testis in the scrotum 
and extends from the deep inguinal ring to the 
posterior border of the testis. The spermatic 
cord traverses the inguinal canal, having the 
wall of the canal as its boundary, acquiring 
coverings from the layers of the abdominal 
wall. These coverings extend downwards into 
the wall of the scrotum and are named the 
internal spermatic, cremasteric, and external 
spermatic fasciae. 


The spermatic cord is composed of 
arteries (testicular artery, cremasteric artery, 
and artery of the vas), veins (pampiniform 
plexus), lymph vessels, nerves and vas 
deferens; all of these are connected by areolar 
tissues. 


Prostate 


The adult prostate is about the size and 
shape of a chestnut. It measures about 3.5cm 
transversely at its base and about 2.5cm in its 
vertical and anteroposterior dimensions. Its 
normal weight is about 18gm. The prostate 
looks like an inverted cone, having an apex, 
base, and a posterior, an anterior and two 
inferolateral surfaces. 


The prostate is located in the inferior 
portion of the pelvic cavity surrounding the 
beginning of the male urethra. Its apex abuts 
against the urogenital diaphragm containing 
the exit of the prostatic urethra and is about 
4cm from the anus. The base is related to the 
urinary bladder. The posterior surface is 
related to the ampulla of the rectum. The 
anterior surface is about 2cm behind the 
symphysis pubis, separated from it by a rich 
plexus of veins and some loose adipose tissue, 
and is connected to the pubic bone by the 
puboprostatic ligaments. The inferolateral 
surfaces are related to the levator ani muscles. 


The prostate is a musculoglandular 
organ. Approximately 30% of its weight is a 
fibromuscular tissue, while the rest is a 
glandular epithelial element. The glandular 
element lies primarily in the posterior and 
lateral parts, while the anterior part is mainly 
fibromuscular. The ducts and acini of the 
prostatic glands are lined by columnar 
epithelium; they gather to drain into the 
prostatic urethra as the prostatic ducts. The 
prostate is surrounded by a capsule made of 
an outer layer of loose areolar connective 
tissue rich in blood vessels, a layer of collagen 
fibres and an inner layer of smooth muscles. 


The glandular epithelium of the prostate is 
highly responsive to androgens and the cell 
cytoplasm is rich in acid phosphatase. The 
prostate secretion forms a part of the ejaculate. 
In the absence of androgens (e.g. castration), 
the prostatic epithelium undergoes atrophy and 
the acinar cells flatten and cease to secrete. 


The arterial supply of the prostate is from 
the prostatic artery, a branch of the inferior 
vesical artery, which is a branch of the 
hypogastric artery. The venous drainage is 
through the prostatic venous plexus. The 
lymphatics from the prostate drain to the iliac 
nodes and then to the preaortic lymph nodes. 


The inferior hypogastric plexus of nerves 
gives the prostatic plexus which in turn gives 
branches to the prostate, seminal vesicles, 
prostatic urethra, ejaculatory ducts, corpora 
cavernosa and Cowper’s glands. The prostate 
receives a rich supply of sympathetic and 
parasympathetic nerve fibres. The prostate has 
a sensory, motor and secretory supply. The 
sensory nerves receive the perception of heat, 
touch and pain. The motor nerves supply the 
muscle fibres in the capsule and the trabeculae 
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between the acini, both of which contract 
during ejaculation. The secretory nerves are 
cholinergic sympathetic like those of the sweat 
glands. 


Seminal vesicles 


The seminal vesicle is a highly 
convoluted glandular sac, about 5cm long and 
lcm wide, lying lateral to the vas deferens on 
the posterior surface of the bladder base. The 
seminal vesicles are not palpable on rectal 
examination unless they are distended, 
inflamed, or obstructed. Their mucous lining 
is made up of many folds and is of 
pseudocolumnar epithelium containing goblet 
cells whose secretion contributes to the bulk of 
the seminal fluid. The muscular wall is thin, 
essentially one layer. 


Cowper’s glands 


The bulbourethral glands of Cowper lie 
on each side of the membranous urethra. Their 
ducts, however, run distally for about 3 or 
4mm into the corpus spongiosum of the penile 
bulb before they open into the bulbous urethra. 
They secrete a mucoid secretion during 
foreplay. 


Male urethra 


The male urethra extends from the 
bladder neck to the external urinary meatus; its 
length is approximately 20cm. it takes an S- 
shaped curvature; from the bladder to the 
symphysis pubis it curves forwards with the 
concavity upwards, thence to the external 
meatus the concavity is downwards. The 
urethra is divided by the external urethral 
sphincter muscle into posterior and anterior 
segments, each is made of two parts. The 
posterior urethra is 5cm length, lined by 
transitional epithelium and includes the 
prostatic and membranous parts. The anterior 
urethra is 15cm length, lined by columnar 
epithelium (except for the terminal 12mm, the 
fossa navicularis, which is lined by stratified 
squamous epithelium) and includes the 
bulbous and penile parts. 


The prostatic urethra lies within the 
substance of the prostate. It begins at the neck 
of the bladder and runs downwards and 
slightly forwards to end at the posterior layer 
of the triangular ligament (urogenital 
diaphragm). It is about 3cm long and is the 
widest and most distensible part of the urethra. 
The veromontanum (crista urethralis) is a 


median posterior longitudinal elevation. At its 
tip is the orifice of the prostatic utricle on each 
side of which is the opening of the ejaculatory 
duct. Lateral to the veromontanum on both 
sides are shallow depressions called the 
prostatic sinus, on the floor of which are the 
orifices of the 15 to 20 prostatic ducts. The 
prostatic utricle (vagina  musculina, a 
Miillerian remnant) is a cul-de-sac, a few 
millimeters deep, running upward and 
backward in the substance of the prostate. 


The membranous urethra lies between 
the two layers of the urogenital diaphragm. It 
is 2cm long and is the narrowest part of the 
urethra. It is surrounded by the external 
urinary sphincter (compressor urethra muscle). 
On either side is one bulbourethral gland, the 
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duct of which proceeds caudally to open into 
the bulbous urethra. The anterior urethra is 
contained in the corpus spongiosum. The 
proximal part, bulbous urethra, extends from 
the anterior layer of the triangular ligament to 
the penile angle. It is present in the bulb of 


penis and is surrounded by the 
bulbospongiosus muscle. It is wide and 
dilated. 


The penile urethra is the distal free 
pendulous part of the urethra. It extends from 
the penile angle to the fossa navicularis, where 
it widens and then narrows again at the 
external meatus. The roof and sides of the 
penile urethra contain the openings of the 
ducts of Littré’s glands which secrete mucus 
during foreplay. 


Section 1: Basic aspects of male sex 


Chapter 4: Physiology of the sexual act 


The sexual response cycle 


Masters and Johnson were the first to 
describe the sequence of physiological 
changes which prepare the male and female 
for sexual intercourse. For a successful act, the 
genital organs of each partner must undergo 
profound changes in shape and function from 
basal state, as it is impossible for coitus to 
occur when the penis is flaccid and the vagina 
is tight and dry. Besides genital changes, 
sexual stimulation elicits vascular, 
neurological, muscular, and hormonal 
reactions which affect the function of the 
entire body, to some degree. The sexual 
response can be understood physiologically as 
increased levels of vasocongestion and 
myotonia (tumescence) and subsequent rapid 
release of the vascular activity and muscle 
tone as a result of the orgasm (detumescence). 


Masters and Johnson divided the sexual 
response into four successive phases after their 
study on approximately 600 men and women 
ranging in age from 18 to 89 years during 
more than 2500 cycles of sexual response. The 
four phases model of Masters and Johnson 
includes excitement, plateau, orgasm, and 
resolution. Each phase includes both genital 
and extragenital manifestations (Table 4.1, 
4.2). 


Kaplan put forward a somewhat different 
biphasic model consisting of an arousal phase 
(genital vasocongestion leading to male 
erection and female genital lubrication) and an 
orgasmic phase, characterized by muscular 
contractions. The basis for this biphasic model 
was that the first component is largely under 
the influence of the parasympathetic nervous 
system and the second is largely mediated via 
the sympathetic system. She also suggested 
that the two components are differentially 
affected by drugs, trauma, and age. In her 
further publication in 1979, Kaplan added a 
third component to her biphasic model, 
namely that of sexual desire. However, the 
triphasic model has not proved as useful as the 
four phases model in understanding the 
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physiology of the sexual response but became 
important for classification of the different 
forms of sexual dysfunctions and their 
treatment by sex therapy. The Nomenclature 
Committee of the American Psychiatric 
Association (1980) classifies the psychosexual 
dysfunctions according to the triphasic model. 
Thus the physiologic sexual response is that 
described by Masters and Johnson and 
Kaplan’s model is used clinically for 
diagnostic and therapeutic purposes. 


Phase I: Excitement 


This phase is characterized by the onset of 
erotic feelings, and the attainment of erection 
in men and vaginal lubrication in women. 
Excitation occurs as a result of sexual 
stimulation which may be psychic (imagery, 
fantasies) and/or physical (stroking, kissing). 
Erection and vaginal lubrication occur within 
10 to 30 seconds of effective stimulation. The 
excitement phase may last several minutes to 
several hours, before merging into the plateau 
phase, depending on the degree of sexual 
stimulation available. 


Man is normally capable of losing and 
regaining his erection several times during 
the love play which precedes intercourse. 
However, this ability is sometimes lost in 
some men over fifty who become unable to 
regain erection for several hours, although 
they have not ejaculated. 


Vaginal lubrication, which prepares the 
vagina for reception of the penis is produced 
by a mucoid transudate from the congested 
vaginal walls. 


In both men and women, the physical 
changes of the excitement phase are neither 
constant nor always ascending. Distractions of 
either a mental or physical nature are quite 
likely to decrease the build up of sexual 
tension. An extraneous sound, a shift in 
position, a change in the manner of direct 
sexual stimulation for example, are types of 
distractions that may temporarily disrupt 
sexual arousal. 


Table 4.1: The male sexual response cycle. 


Excitement Plateau Orgasm Resolution 
Duration Several minutes to 30 seconds to 30 15 seconds 10 to 15 minutes; 
hours minutes if no orgasm: 1⁄2 to 
1 days 
Genital changes 
Penis Rapid erection Erection Expulsive Partial 


Scrotum and 
testes 


Secondary sex 
organs 


Cowper’s 
glands 


Extragenital 
changes 


Breasts 


Skin 


Muscles 


Pulse 


Blood pressure 


Respiration 


within 10 to 30 
seconds 


Tightening and 
elevation of 
scrotum and 
partial elevation of 
testes 


No change 


No change 


Nipple erection 
(some men) 


No change 


May be increase in 
muscle tension 


Rate increases 


Some elevation 


No change 


maintained and 
firm; may be 
deepening of 
colour of corona 
and glans 


Enlargement (50% 
increase in size) 
and further 
elevation of testes 


No change 


2-3 drops of 
mucoid secretion 


Nipple erection 
(some men) 


Sex flush (some 
men): 
erythematous rash 
starting on 
abdomen and 
spreading to chest, 
neck and face 


Marked increase 
in muscle tension 


Tachycardia, up to 
175 per minute 


More elevation, 
rise in systolic 20 
to 80mm Hg and 
10 to 40 mHg in 
diastolic 


Some increase in 
rate 


contractions of 
urethra 
(ejaculation), 
gradually fading 
away 


No changes 


Emission, 3 to 7 
contractions at 0.8 
second of vas, 
prostate, seminal 
vesicles 


No change 


No change 


Sex flush well 
developed (some 
men) 


Spasm of some 
muscle groups, 
rhythmic 
contraction of 
rectal sphincter 


Up to 180 beats 
per minute 


Maximal 
elevation, 40 to 
100 systolic, 20 to 
50 diastolic 


Marked increase, 
up to 40 
respirations per 
minutes 


detumescence in 5 
to 10 seconds; full 
detumescence in 5 
to 30 minutes 


Decrease to 
baseline size and 
descent within 5 to 
30 minutes 


No change 


No change 


Return to normal 


Rapid 
disappearance of 
sex flush, 
sometimes 
perspiration on 
soles and palms 


Rapid relaxation 


Return to normal 


Return to normal 


Return to normal 
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Table 4.2: The female sexual response cycle. 


Excitement Plateau Orgasm Resolution 
Duration Several minutes to 30 seconds to 30 3 to 15 seconds 10 to 15 minutes; 
hours minutes if no orgasm: 1⁄2 to 
1 day 
Genital 
changes 
Vagina Vaginal lubrication Copious transudate, 3 to 15 Disappearance of 
with clear transudate further ballooning of contractions of vaginal swelling 
begins within 30 inner 2/3, congestion outer 1/3 at a and distension, 
seconds of sexual and swelling of outer rate of 0.8 cervix discends to 
stimulation, inner 1/3 (orgasmic second semen pool in 3 to 
2/3 balloon and platform) leading to 4 minutes 
dilate, mucosa turns narrowing of vaginal 
patchy purple, rugae entrance, mucosa 
flatten uniform dark purple 
Clitoris Always swelling of Retraction of clitoral No change Shaft returns to 
glans, variable head and shaft into normal position in 
increase in diameter, clitoral hood 5 to 10 seconds, 
elongation in only detumescence in 5 
10% of women to 30 minutes 
Labia majora Thinning and Totally disappear in No change Increase to normal 
flattening in nullipara, enlarged size in 1 to 2 
nullipara, congestion and edematous in minutes in 
in multipara multipara nullipara, decrease 
to normal size in 
10 to 15 minutes 
in multipara 
Labia minora Size increases, Colour changes to No change Return to normal 
colour becomes red, deep red colour and size 
proximal part 
becomes firm 
Bartholin’s No change Few drops, mucoid, No change No change 
glands lubricate introitus 
Uterus Elevation of body Further elevation of | Contractions Return of body 
and cervix body and cervix from fundus to and cervix to 
cervix normal position, 
gaping of cervical 
os 
Extragenital 
changes 
Breasts Nipple erection in Breast congestion No change Return to normal 
2/3 of women and enlargement, 
areolar enlargement 
Skin No change Sex flush, some Flush at its peak Disappearance of 
women, starts on sex flush, fine 
abdomen, spreads to perspiration, 
chest, neck and face mostly on flush 
areas 
Muscles May be increase in Marked increase in Spasm of some Rapid relaxation 
muscle tension muscle tension muscle groups 
Pulse Rate increases Marked increase in Maximal rate Return to normal 
rate 
Blood Some elevation More marked Maximum level Return to normal 
pressure elevation reached 
Respiration No change Some increase in Marked increase Return to normal 


rate 


in rate 
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Phase II: Plateau 


This phase is a more advanced state of 
sexual arousal that occurs prior to reaching the 
threshold levels required to trigger orgasm. 


In the male, the penis becomes distended 
with blood to its maximal capacity producing 
firm erection. The testes become 50% larger 
than their basal size due to their engorgement 
with blood. The reflex contraction of the 
cremasteric muscles and the spermatic cords 
elevates the testes and lifts them into close 
apposition against the perineum. A pre- 
ejaculatory fluid (prosemen) is secreted by 
Cowper’s and Littré’s glands. It is a clear 
alkaline mucoid fluid with glycerine-like 
consistency which acts as a lubricant that 
facilitates penile intromission together with 
neutralization of any residual urine present in 
the urethra to protect the sperms from any 
acidic effect. The amount of pro-semen is 
usually two or three drops but it varies greatly 
in different individuals. 


In the female, the most dramatic change is 
the marked engorgement and swelling of the 
outer third of the vagina, which reduces its 
diameter by as much as 50%, thus creating the 
orgasmic platform described by Masters and 
Johnson. The constricted outer third of the 
vagina actually grips the penis, further 
exciting the male. However, increased 
ballooning of the inner two-thirds of the 
vagina minimizes its contact with the penis. 
The clitoris, despite its retraction, continues to 
respond to stimulation indirectly through 
penile thrusting in the vagina. 


Phase III: Orgasm 


During this phase there is increased 
activity of all sensations without attention to 
external stimuli, increased sweat secretion, the 
salivary secretion is inhibited but increases at 
the orgasmic point, the blood pressure rises as 
much as one third above normal, and the 
respiration becomes shallow and rapid then 
becomes more irregular. Orgasm lasts 3 to 15 
seconds and is associated with a slight 
clouding of consciousness. 


In the male, orgasm is triggered by a 
subjective sense of ejaculatory inevitability 
coinciding with contractions of the accessory 
sex organs (prostate, seminal vesicles, vasa 
defferentia) leading to semen emission into the 
posterior urethra, immediately followed by 
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semen ejaculation produced by contractions 
of the muscles of the penile urethra and 
perineal muscles. The male orgasm is 
associated with three to seven muscular 
contractions of sex organs and ejaculatory 
spurts. Both sexes show also involuntary 
contractions of the internal and external anal 
sphincters. Also in both sexes, the contractions 
of the various organs occur at intervals of 0.8 
second. 


In the female, orgasm is characterized by 
three to twelve involuntary contractions of 
the vaginal orgasmic platform. A mild 
orgasm my be accompanied by only three to 
five contractions while an intense orgasm will 
be accompanied by eight to twelve 
contractions. In contrast to the male, the 
female is not physiologically refractory to 
orgasm and can be stimulated to multiple 
orgasms until she becomes physically 
exhausted and no longer wishes further 
stimulation. 


The orgasmic potential in men is highest 
at about age 18 and in women at about age 
35. The 18-years old man may achieve as 
many as eight orgasms, in a 24-hour period. In 
the man over 30, one orgasm in a 24 hour 
period is more common. The increased 
orgasmic potential in the women of 35 years- 
age has been explained on the basis of less 
psychological inhibition. 


Stage IV: Resolution 


The genital and extra-genital organs 
sharing in the sexual response return to their 
basal state. The heart rate, blood pressure, 
respiration, and skin vascularity return to the 
resting state minutes after orgasm. The body 
surface becomes covered with a widespread 
film of perspiration and there is a universal 
urge to sleep. 


In the male, the testes detumesce and 
descend at once to their original position in the 
scrotum which loses its congestion gradually. 
Except in very young men, who, following 
ejaculation, may ejaculate a second time 
without loss of erection, the penis detumesces 
in two stages. First, and immediately after 
ejaculation, about 50% of erection is rapidly 
lost because the corpora cavernosa become 
empty of blood and, within half an hour, after 
the more slowly responding corpus 
spongiosum and glans are emptied, the 


increase in penile size becomes entirely 
diminished. In older men, the postcoital penile 
detumescence occurs more rapidly, often 
within minutes. 


In the female, the clitoris returns to its 
normal position 5 to 10 seconds after orgasm. 
The vagina may take as long as 10 to 15 
minutes to return to its relaxed and pale, 
resting state. The cervical os continues to gape 
for 20 to 30 minutes after orgasm, at which 
time the uterus has also completed its descent 
into the true pelvis and the cervix descends 
into the seminal pool. 


Resolution may take several hours, up to 
one day, if orgasm does not occur, and may be 
associated with irritability and pain in the 
genitalia. Successful resolution in both sexes 
is associated with subjective sense of well- 
being. 


Refractory period 


After orgasm, men have a refractory 
period that may last from several minutes to 
many hours, during which they cannot be 
stimulated to further orgasm, although 
partial or complete erection may be 
maintained. This interval lengthens with age 
and is typically longer with each repeated 
ejaculation within a span of several hours. 
The refractory period does not exist in 
women who are capable of multiple and 
successive orgasms. 


Comparison between male and female 
sexual response 


Excitement phase 


Sexual arousal is more easy and more 
rapid for the majority of men than it is for 
women. Most women require more 
stimulation than men do because of a variety 
of fears and inhibitions. Women commonly 
fear asking their partners to caress and 
stimulate them manually or orally in the most 
comfortable, familiar, and arousing manner 
(clitoral stimulation). They fear that if they 
do so, it will be evident that they masturbate 
or have had more sexual experience than 
seems proper for them. They also fear 
assuming a leadership role; telling a men 
what to do sexually may cause him to feel 
dominated and the relationship may be 
threatened. 
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Men’s sexual tension is focused on the 
genitals and, therefore, they tend to equate 
sexual satisfaction immediately with sexual 
intercourse whereas women experience sexual 
tension more diffusely over the body and may, 
therefore, be ready for sexual intercourse 
except after some kind of buildup resulting 
from physical and psychological stimulation. 


Tactile stimuli e.g. gentle kissing and 
caressing, seem to be more potent erotic 
stimuli for women than are visual stimuli. In 
contrast, visual stimuli e.g. observing the 
genitals of the female, or looking at erotic 
pictures and films, are more stimulating 
sexually for men. 


Women are more selective than men in 
sex. Most women emphasize the emotional 
aspect as cuddling, tenderness, love, etc., more 
than the physical aspects. While a woman will 
be sexually responsive to a specific male, a 
man may be able to function with a wide range 
of sexually attractive partners. 


Plateau phase 


While erection is external and visible, the 
female is unaware of the physiological and 
anatomical changes that are occurring in her 
body. Also the male vasocongestive response, 
erection, is more complex and consequently 
more vulnerable than that of the female. 
Hence, erectile dysfunction is a common 
complaint in men whereas inhibition of 
lubrication in females is rare. 


Orgasm phase 


In contrast to the male, there is no 
ejaculation in the female, nor does she 
experience the refractory period which is 
characteristic of the male ejaculatory response. 


Female orgasm is far more vulnerable to 
inhibition than male orgasm, thus orgasmic 
dysfunction is very prevalent in females while 
male anorgasmia is rare. 


Resolution phase 


Detumescence, or the process of 
resolution of sexual excitement, parallels 
tumescenc in that it is rapid in the male but 
slow and gradual in the female. Hence 
afterplay with sharing of talk, hugging, kissing 
and touching is valued much more by women 
than men. 


Erection 
Neurophysiology of erection 
Introduction 


Erection is a neurovascular phenomenon 
induced by sexual stimuli (psychogenic, 
genital) that reach specific sex centers in the 
CNS which send impulses through peripheral 
nerves (sympathetic, parasympathetic, somatic) 
to the smooth muscles of the corpora cavernosa 
vasculature (helicine arterioles, trabeculae) 
leading to release of neurotransmitters which 
cause relaxation of these muscles and increased 
arterial blood flow to the lacunar spaces thus 
producing erection. 


Erection may be reflexogenic or 
psychogenic according to the type of sexual 
stimuli. Reflexogenic erection is produced by 
tactile stimuli applied to the skin of the penis. 
It is a sacral spinal reflex mediated via 
pudendal nerve afferents and parasympathetic 
efferents of the pelvic nerve originating from 
S24 segments. Psychogenic erection results 
from excitation of specific brain centers by 
auditory, olfactory, visual tactile, or 
imaginative stimulation, and are mediated 
through sacral parasympathetic efferents from 
S24 segments and probably thoracolumbar 
sympathetic efferents from T2 to L3. Although 
reflexogenic and psychogenic erections can 
occur independently, both mechanisms usually 
work synergistically to produce erection. 
Moreover, psychogenic stimuli, frequently on 
a subconscious level may be inhibitory and 
hinder reflexogenic erection. Furthermore, the 
tactile penile stimuli producing reflexogenic 
erection can reach the brain and produce 
psychogenic erection. 


CNS sex centers 


The hypothalamus appears to be a sex 
station which receives erection stimuli from 
various brain areas and send them to the 
spinal sex center. In the hypothalamus, the 
paraventricular nucleus is involved in the 
control of penile erection, whereas the medial 
preoptic area is crucial for the display of 
sexual behavior. Due to variety of sexual 
stimuli (visual, olfactory, auditory, tactile, 
imaginative) the hypothalamus receives sexual 
imputs from (a) thalamic nuclei (which are 
known to process somatosensory and visual 
sensory information), (b) the rhinencephalon 
including cingulated gyrus, septum, and 
hippocampus (which receive olfactory 
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information), and (c) limbic structures such as 
the temporal and frontal cortical lobes and the 
hippocampus (which are involved in emotion 
and memory). Impulses from the anterior 
hypothalamus project to the parasympathetic 
sacral erection center whose nuclei lie in 
sacral segments S>.4, while impulses from the 
posterior hypothalamus project to the 
sympathetic thoracolumbar erection center 
whose nuclei lie in segments T j-L. 


Peripheral sex nervous pathways 


The penis receives autonomic innervation 
from sympathetic and parasympathetic nuclei 


located in the spinal cord. The 
parasympathetic nervous system represents the 
major proerectile input to the penis. 


Sympathetic fibres to the penis are mostly 
anti-erectile (Fig. 4.1). 


Autonomic pathways (cavernous nerves) 


The penis receives an innervations from 
three types of nerves: parasympathetic, 
sympathetic and somatic. 


Parasympathetic efferent activity to the 
penis arises in S2.4 segments of the spinal cord. 
These sacral pre-ganglionic nerves known as 
the pelvic nerves or nervi erigentes travel to 
the pelvic plexus (inferior hypogastric plexus) 
which serves as a relay and integration center 
within which pre-ganglionic axons make 
synaptic connections with postganglionic 
neurons innervating the penis. The pelvic 
plexus receives also sympathetic nerve fibres. 
Sympathetic efferent activity to the penis 
arises in segments Tı2-L of the spinal cord. 
The autonomic nerve fibres (parasympathetic 
and sympathetic) projecting to the penis from 
the pelvic plexus are known as the cavernous 
nerves. The role of sympathetic innervation in 
erection is not clear. 


Somatic pathways (dorsal nerve of the penis 
and perineal nerve) 


The penis receives somatic innervation 
from the pudendal nerve. This nerve arises from 
sacral spinal segments S,4 and contains an 
afferent sensory component (dorsal nerve of the 
penis) which transmits sensory impulses from 
the penile skin and forms the afferent limb of 
reflexogenic erection and an efferent motor 
component (perineal nerve) which innervates 
the bulbocavernosus and _ ischiocavernosus 
skeletal muscles and forms the motor 
component of the bulbocavernosus reflex. 


Fig. 4.1: Peripheral control of penile erection. The main pro-erectile pathway (continuous line), 
originating from the sacral parasympathetic nuclei (SPN) at the sacral level (S), travels in the pelvic 
nerve (PN), relaying in the pelvic ganglion (PG), and coursing to the penis in the cavernous nerve 
(CN). Anti-erectile fibers (dashed line) originate from the dorsal gray commissure (DGC) and 
intermediolateral column (IML) at the thoracolumbar (TL) level, and run in the hypogastric nerve 
(HN) and paravertebral sympathetic chain (PSC). Some of these fibers join the CN to reach the 
erectile tissue. Anti-erectile fibers also run in the pudendal nerve (PdN), which contains the axons 
of the motoneurons issued from the dorsolateral (DL) and dorsomedial (DM) nucleus controlling 
the bulbospongiosus (BS) and ischiocavernous (IC) muscles. Sensory afferents from the glans 
(dotted line) are conveyed in the dorsal nerve of the penis and join the dorsal horn of the spinal 
cord at the sacral level (S). Some sensory fibers(not represented) likely join the TL level after 
running in the HN. 


The dorsal nerve of the penis begins from muscles has been implicated in erection. It has 
several different types of skin receptors which been proposed that while efferent autonomic 
include nonencapsulated free nerve endings pathways are important for penile tumescence, 
and encapsulated receptors (specialized penile rigidity is facilitated by ischiocavernosus and 
corpuscles and Pacinian corpuscles). The bulbospongiosus muscle contractions. The 
sensory innervation of the glans penis is bulbospongiosus muscles contractions are also 
unique compared to other cutaneous regions in necessary for the expulsions of semen. 


man since 80% to 90% of the receptors are 


; . : Neurotransmitters of erection 
free nerve endings. Sensory information from 


the right and left sides of the penis passes The nervous system exerts its effects on 
through numerous anastomosing fibres to the the target organs by release of 
dorsum of the penile shaft to form the right neurotransmitters from the receptors of the 
and left dorsal nerves. nerve terminals which produce the required 


; a excitatory or inhibitory effect. 
The dorsal nerve of the penis participates 


in both reflexogenic and psychogenic erection. Initiation of erection 

Tactile penile afferent sensory stimuli reach e  Neurotransmitters: Frection-initiating 
the brain sex centers which respond by neurotransmitters include mainly nitric oxide 
efferent activation of spinal erection center (NO) and also other transmitters (dopamine, 
and the autonomic cavernous nerve. A melanocortins, oxytocin). NO is the first and 
syndrome of “dorsal nerve impotence” most important neurotransmitter of erection 
characterized by inability to attain or maintain and is the dominant mediator of corporeal 
erection may occur because of abnormal smooth muscle relaxation. NO plays also a 
penile sensation. Contraction of the role in central regions, such as the 
ischiocavernosus and bulbospongiosus paraventricular nucleus of the hypothalamus, 
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in control of penile erection and sexual 
activity. NO is a free radical, has half-life of 
only 5 seconds, and is synthesized from L- 
arginine and molecular oxygen by the enzyme 
nitric oxide synthase (NOS) producing NO 
and L-citrulline. 


e Role of NO: After entering the cavernous 
bodies the parasympathetic nerve fibres divide 
into 2 different types of nerve terminals: 


- Cholinergic (acetylcholine, ACH) nerve 
terminals ending at the endothelial cells and 
stimulating NO-synthase, which catalyses the 
production of NO from L-arginine and O}. 


- Non adrenergic, non-cholinergic (NANC — 
peptidergic) nerve terminals at the cavernous 
smooth muscle cells from which NO is 
released into the smooth muscle cells. Within 
these cells NO activates guanylate cyclase, 
which catalyses the breakdown of guanosine 
triphosphate into 3/5'-cyclic guanosine 
monophosphate (cGMP). 


e Role of cGMP: This is the most important 
second neurotransmitter of erection. It 
stimulates protein kinase G which leads to 
potassium ion outflow into the extracellular 
place resulting in hyperpolarization that leads 
to closure of the L-type calcium channels 
subsequently resulting in a decrease in the 
intracellular Ca** ion concentration. 


e Role of intracellular Ca**: The smooth 


muscle tone is dependent on the intracellular 
Ca ion concentration, contracting in 
response to a rise in intracellular Ca ion 
concentration and relaxing according to an 
intracellular ion concentration fall. 
Normally, during the penile flaccid state, 
intracellular Ca** activate myosin light chain 


(MLC) kinase which catalyzes the 
phosphorylation of MLCs and induces actin- 
myosin interactions, finally resulting in 


contraction of the cavernous smooth muscles 
thus preventing erection. During erection, 
dephosphorylation of MLCs occurs by MLC 
phosphatase, resulting in corpus cavernosum 
relaxation and erection. MLC phosphatase is 
kept inactive during the flaccid state by Rho- 
kinase A (RhoA). 


Inhibition of erection 


Erection inhibiting (anti-erectile) 
neurotransmitters include mainly 
norepinephine and also serotonin, Y- 
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aminobutyric acid (GABA) and opioids. In the 
cavernous bodies, the sympathetic nerve fibres 
innervate both the cavernous smooth muscle 
cells as well as the cavernous vessels i.e. 
arteries and veins. In smooth muscle cells 
sympathetic nerve terminals end at o-and B2 
adrenoceptors. The ratio of Q)- to Bo 
adrenoceptors is 10:1. 


Alpha,-adrenoceptors are stimulated by 
norepinephrine released from the sympathetic 
nerve terminals and this leads to stimulation of 
phospholipase C which converts 
phosphatidylinositol biphosphate to inositol 
triphosphate (IP3) and diacylglycerol (DAG). 
DAG activates protein kinase C resulting in 
activation of voltage-dependent L-type Ca** 
channels. IP; cause release of C** ions from 
intracellular sarcoplasmic Ca™ stores. 
Activation of L-type Ca** ion channels and 
release of Ca** from the endoplasmic 
reticulum results in an increase in 
intracellular Ca™* ion-concentration, causing 
contraction of the cavernous smooth muscle 
cells and thus faccidity, or prevention of 
erection. 


Influence of testosterone on erection 


There are no clear correlations between 
testosterone level and erectile function. 
Although castration is often accompanied by 
impotence in men, some men reported sexual 
intercourse for up to 20 years after castration. 


On the other hand, not all hypogonadal 
men undergo restoration of erection after 
androgen supplementation. 


Hemodynamics of erection 
Vascular changes during erection 


It is now realized that the tone of the 
smooth muscle of the corpora covernosa 
controls the hemodynamics of erection. 
Following sexual stimulation, relaxation of 
smooth muscle surrounding the _ helicine 
arterioles contained in the corpora cavrenosa 
increases arterial blood flow into the lacunar 
spaces. Simultaneous relaxation of the 
trabecular smooth muscle surrounding these 
spaces results in their dilatation. Progressive 
and maximal trabecular smooth muscle 
relaxation in conjunction with arterial filling 
promotes maximal enlargement of the lacunar 
spaces. This enables the veno-occlusive 
mechanism to become efficient due to 


compression of the venules against the tunica 
albuginea, restricting blood outflow from the 
corporal bodies and increasing intracorporal 
pressure. In a normal erection, the 
intracavernosal pressure rises from the 
systemic venous pressure to or slightly above, 
the diastolic systemic blood pressure. 
Contraction of the ischiocavernosus and 
bulbospongiosus muscles during the rigid 
erection phase effectively shuts down the 
arterial and venous flow and the corpus 
cavernosum temporarily becomes a dead 
space. The glans penis, however, functions as 
an arteriovenous fistula during erection 
because it has many outflow veins and 
practically no tunica albuginea. 


Detumescence occurs by an increase in 
the tone of the smooth muscle surrounding 
both the helicine arterioles and the lacunar 
spaces. This results in a reduction in the 
arterial inflow to baseline values and a 
decrease in the size of the lacunar spaces, 
promoting the conditions necessary for venous 


run-off. Under sustained conditions of 
increased tone in the erectile smooth muscle, 
the intracavernosal pressure returns to 


systemic venous values and the penis becomes 
flaccid. 


Phases of penile erection 


On the basis of the actions of the arterial, 
venous, and sinusoidal systems the erection 
process can be divided into six phases, 
characterized as follows: 


1) Flaccid phase: There is minimal arterial 
and venous blood flow; the penile blood gas 
values are equal to those of venous blood. 


2) Latent (filling) phase: There is increased 
blood flow in the internal pudendal artery 
during both the systolic and the diastolic 


phases. The penis elongates, but the 
intracavernous pressure remains unchanged. 
3) Tumescent phase: The intracavernous 


pressure rapidly rises and the arterial flow rate 
decreases. The penis shows more expansion 
and elongation. 


4) Full erection phase: The intracavernous 
pressure can rise to as much as 85% of the 
systolic pressure. The pressure in the internal 
pudendal artery increases but remain below 
systolic pressure. The arterial flow in the 
pudendal artery is much less than in the initial 
filling phase but is still higher than in the 
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flaccid phase. Although the venous channels 
are mostly compressed, the venous flow is 
slightly higher than during the flaccid state. 
The blood gas values are similar to those of 
arterial blood. 


5) Skeletal or rigid erection phase: As a result 
of contraction of the ischiocavernosus and 
bulbospongiosus muscles the intracavernous 
pressure rises well above the systolic 
pressure, resulting in rigid erection. During 
this phase, almost no blood flows through the 
cavernous artery; however, the short duration 
prevents the development of ischaemic tissue 
damage. 


6) Detumescent phase: After ejaculation or 
cessation of erotic stimuli, sympathetic tonic 
discharge resumes, resulting in contraction of 
the smooth muscles around the sinusoids and 
arterioles. This effectively diminishes the 
arterial flow to flaccid levels, expels a large 
portion of blood from the sinusoidal spaces., 
and reopens the venous channels. The penis 
returns to its flaccid length and girth. 


Mechanism of erection 
events) 


(neurovascular 


1) Presence of stimuli for erection 


e Genital stimuli: Pass from penile skin 
through dorsal nerve of penis to spinal cord 
erection center (S24), produce both 
reflexogenic (spinal) and psychogenic 
(cortical) erections. 


e Psychogenic stimuli: Auditory, olfactory, 
visual, tactile, and imaginative. 


2) Activation of CNS sex centers 


e Extrahypothalamic areas: Receive the erotic 
stimuli and send them to hypothalamus. 


e Hypothalamus: Sex station which receives 
erotic stimuli and send them to spinal cord 
erection center. 


e Spinal erection center: In sacral segments So. 
4 (the role of the thoracolumbar erection centre 
present in segments Tıo-L2 in erection is not 
clear). 


3) Stimulation erection 


nervous pathways 


of peripheral 


The spinal sacral erection center sends 
impulses through parasympathetic fibres of the 
cavernous nerves which stimulate the release 
of neurotransmitters from the nerve endings 


present in the target organs (smooth muscles 
of penile arterioles and trabeculae). 


4) Release of neurotransmitters 


These cause relaxation of smooth muscle 
of penile vasculature. 


5) Occurrence of vascular changes of 


erection 


e Relaxation of smooth muscles of helicine 
arterioles leading to increased blood flow. 


e Relaxation of smooth muscles of trabeculae 
leading to increased size of the lacunar spaces 
with an increase in corporal volume. 


e Mechanical venous occlusion. 
6) Detumescence 


e This occurs by release of norepinephrine 
from alpha adrenergic nerve endings of the 
sympathetic nerve fibres of the cavernous 
nerves. Sympathetic efferent activity to the 
penis arises in spinal cord segments T j9-L». 


e During flaccidity there is a baseline release 
of norepinephrine that keeps the cavernous 
smooth muscle and the penile arteries in a 
state of relative constriction. 


e The penile vasculature during flaccid state 
shows: (1) increased arteriolar resistance and 
low corporal inflow, (2) reduced size of the 
lacunar spaces with a relatively low corporal 
blood volume and, (3) unobstructed venous 
drainage. 


Ejaculation 


Based upon functional, central and 
peripheral mediation, the ejaculatory process 
is typically subdivided into three phases: 
emission, ejection (or penile expulsion), and 
orgasm (Table 4.3). Emission consists of 
contractions of seminal vesicles (SV) and the 
prostate, with expulsion of sperm and seminal 
fluid into the posterior urethra, and is 
mediated by sympathetic nerves (Tj) to Ly). 
Ejection is mediated by somatic nerves (S, to 
S4), and involves pulsatile contractions of the 
bulbocavernosus and pelvic floor muscles 
together with relaxation of the external urinary 
sphincter. Ejection also involves a sympathetic 
spinal cord reflex upon which there is limited 
voluntary control. The bladder neck closes to 
prevent retrograde flow; the bulbocavernosus, 
bulbospongiosus and other pelvic floor 
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muscles contract rhythmically, and the 
external urinary sphincter relaxes. Intermittent 
contraction of the urethral sphincter prevents 
retrograde flow into the proximal urethra. 


Orgasm is the result of cerebral 
processing of pudendal nerve sensory stimuli 
resulting from increased pressure in the 
posterior urethra, sensory stimuli arising from 
the verumontanum and contraction of the 
urethral bulb and accessory sexual organs. 


The ejaculate 


The ejaculate can be divided into several 
fractions by serial biochemical analysis. It 
comprises secretions from the seminal 
vesicles, and prostate and _ bulbo-urethral 
(Cowper’s) glands as well as spermatozoa. It 
is produced when the combined secretions of 
the prostate and the contents of the ampullary 
parts of the vasa deferentia are washed out by 
fluid from the seminal vesicles and expelled 
from the urethra. The spermatozoa are stored 
in the tails of the epididymides and the vas 
deferens ampullae. Approximately 50-80% of 
the entire ejaculatory volume is contributed 
by the seminal vesicles, 15-30% by the 
prostate gland, and a small portion from the 
bulbourethral (Cowper’s) glands which are 
rich in enzymes and plasminogen activator. 
Spermatozoa normally constitute less than 
0.1% of the ejaculatory volume. The first 
fraction of the ejaculate contains the 
maximum number of spermatozoa, and 
subsequent fractions contain sequentially less. 
Acid phosphatase, citric acid and zinc that 
emanate from the prostate are also in highest 
concentration in the initial fractions of the 
ejaculate. 


Subsequent fractions contain fructose 
from the seminal vesicles, which increases in 
concentration towards the end of the 
ejaculatory process. The pH of the ejaculate 
increases in successive fractions as the acid 
component provided by the prostate is serially 
mixed with the more alkaline contribution of 
the fructose rich fluid from the seminal 
vesicles. 


Neurological control of ejaculation and 
or gasm 


The ejaculatory reflex, including its 
sensory and motor pathways, and spinal, and 
cerebral areas, is shown in figures 4.2 and 4.3. 


Table 4.3: The three stages of normal antegrade ejaculation. 


Emission 


Sympathetic spinal cord reflex (T19-L2) 


Genital and/or cerebral erotic stimuli with considerable voluntary control 


Peristaltic contraction of epididymis and vas deferens 


Contraction of seminal vesicles and prostate 


Expulsion of spermatozoa/seminal/prostate fluid into posterior urethra 


Ejaculatory inevitability sensation resulting from distension of posterior urethra 


Ejection 


Limited voluntary control 


Parasympathetic spinal cord reflex (S2-S,) 


Rhythmic contractions of bulbocavernosus/pelvic floor muscles 


Bladder neck closure 


Relaxation of external urinary sphincter 


Orgasm 


Build-up and release of pressure in posterior urethra 


Smooth muscle contraction of accessory sexual organs and urethral bulb 


Sensation due to cerebral processing of pudendal nerve sensory stimuli 


a) Sensory receptors and areas 


The mucosa of the glans penis contains 
specialized sensory receptors, the Krause 
finger corpuscles. These receptors discharge 
along afferent nerves to the spinal cord and 
brain when repetitive and cumulative 
stimulation applied to the glans penis 
exceeds the excitation threshold. Sensory 
information from the penile shaft, perineum, 
testes and variable extra genital erotogenic 
organs (e.g. nipples, anal sphincter) 
modulates-usually enhancing-afferent 
information from the Krause Finger 
corpuscles. 


inhibitory control 


b) Afferent pathways 
Sensory information from the glans penis 
travels along afferent pathways to the spinal 
cord. Sensory fibers of the pudendal nerve that 
are contained within the dorsal nerve of the 
penis extend to the S4 level, and autonomic 
fibres within the hypogastric plexus transmit 
information to the sympathetic ganglia located 
along the spinal cord. 
c) Cerebral control of ejaculation and orgasm 
Seminal emission and ejaculation are 
controlled centrally by the paraventricular 


nucleus of the anterior hypothalamus (PVN) 
and the medial preoptic area (MPOA) (Fig. 4.2). 


Thalamus 


Hypothalamus: 
PVN: Paraventricular nucleus 


MPOA: Medial preoptic area 
Midbrain: 


PAG: Periaqueductal Grey 
Pons: 


NPG. nucleus paragigantocellularis 


Fig. 4.2: Emission and ejaculation are centrally integrated and highly coordinated processes. The 
brain structures involved in the control of ejaculation include the thalamus, structures in the 
hypothalamus such a the medial preoptic area (MPOA) and the paraventricular thalamic nucleus 
(PVN), structures in the midbrain such as the periaqueductal grey nucleus (PAG) and structures in 
the pons such as the paragigantocellular nucleus (nPGi). These structures integrate sensory 
ejaculation-related inputs from the genital areas with higher excitatory and inhibitory controls. 


d) Spinal motor centers 


A spinal enter, located at the Thiz Liz 
spinal level, is controlled by the sympathetic 
nervous system and is responsible for 
emission. A second center, located at the S.-S4 
level is controlled by the somatic nervous 
system and is responsible for expulsion. The 
lumbar spinothalamic neurons (LSt) have 
axonal connections to the thalamus. They have 
efferent projections to pudendal somatic motor 
neurons as well as to sympathetic and 
parasympathetic preganglionic neurons, and 
are adjacent to neurons modulating afferent 
sensory input from the penis via the pudendal 
nerve. 


e) Efferent pathways 


The efferent pathways mediate the 
ejaculatory motor responses of emission and 
ejection (expulsion). 


1) Emission 


Emission is controlled by the sympathetic 
nervous system. The cell bodies of the 
sympathetic neurons are located in the lateral 
columns of the gray matter in the 
thoracolumbar segments of the spinal cord. 
The afferent (sensory) limb of the emission 
reflex goes through the dorsal nerve of the 
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penis and pelvic splanchnic nerves. Efferent 
(motor) sympathetic nerves emerge from the 
ventral roots of the spinal column at Th;2-L, to 
reach the sympathetic chains bilaterally (Fig. 
4.3). 


The junction of the hypogastric nerve and 
pelvic nerve contributes the pelvic plexus 
which is an integration of sympathetic and 
parasympathetic nervous systems. The 
branches from this plexus innervate the 
epididymis, vas deferens, seminal vesicle, 
prostate , bladder neck and urethra. 


Norepinephrine is released from the 
postganglionic neurons of the seminal tract in 


response to sympathetic signals passing 
through the hypogastric nerves. 
Norepinephrine activates smooth muscle œ 
adrenergic receptors, causing a rise in 
intracellular calcium, actin myosin 
interaction, vas deferens smooth muscle 
contraction, a marked elevation of 
intraluminal pressure in the caudal 


epididymis/proximal vas, and propulsion of 
spermatozoa out to the ampulla. Both nerve 
signal and distention of the wall of the 
ampulla might trigger contraction of the 
ampulla to emit content into the posterior 
urethra. 


Pons: 


nPGi: Nucleus paragigantocellularis 


Sympathetic supply to: 
Epididymis, Vas deferens 


Seminal Vesicles 


Dorsal nerve of penis 


Fig. 4.3: Central control of ejaculation is mediated via spinal ejaculation centers including lumbar 
spinothalamic (LSt) cells which integrate peripheral signals from the genital areas with excitatory 
and inhibitory control from supraspinal centers such as the nucleus paragigantocellularis (nPGi). 
The spinal ejaculation generators send coordinated outputs to the anatomic structures that allow 


ejaculation to occur. 
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The lumbar splanchnic nerves originate 
from L2 and/or L3 lumbar sympathetic 
ganglia (corresponding to L1-2 spinal levels). 
Preservation of the L2 and/or L3 lumbar 
splanchnic nerve in retroperitoneal lymph 
node dissection of testicular cancer allows 
preservation of ejaculatory function. Partial 
interruption of the pathway from the spinal 
cord to the seminal tract would be expected to 
cause insufficient closure of the bladder neck 
and retrograde ejaculation. | Complete 
interruption of the pathway is likely to cause 
failure of emission. 


The pudendal nerve arises from the S2-4 
segments of the sacral spinal cord and does 
not enter the pelvic plexus, but exits the pelvis 
through the greater sciatic foramen, re-enters it 
through the lesser sciatic foramen, and 
innervates the perineal striated muscles (Fig. 
4.3). Rhythmic contractions of these perineal 
striated musculatures, including the 
bulbocavernosus and ischiocavernosus 
muscles, propel the seminal fluid. Sacral 
spinal cord injury patients usually show 
dribbling ejaculation due to the lack of 
contribution of the musculature. 


2) Ejection/expulsion 


Ejection is propulsion of semen from the 
posterior urethra through the anterior urethra 
to the outside. 


Ejection is controlled by the 
parasympathetic nervous system. The afferent 
(sensory) limb of ejection reflex goes through 
the pelvic splanchnic nerve. Efferent somatic 
fibre emerge from the anterior horn of the S2- 
S4 spinal segments (Onuf’s nucleus) and 
travel in the motor branch of the pudendal 
nerve to innervate the striated muscles of the 
pelvic floor, including the bulbospongiosus 
and bulbocavernosus muscles. Rhythmic 
contractions of the bulbocavernosus, 
ischiocavernosus and other pelvic floor 
striated muscles propel seminal fluid into the 
urethra. Studies demonstrated that the 
ejaculatory mechanism consists of two 
distinct reflexes. One is the glans vasal reflex 
which is responsible for the emission phase, 
and the other is the urethromuscular reflex 
which is responsible for the ejection phases of 
ejaculation. The marked elevation of blood 
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pressure, tachycardia, tachypnea and 
perspiration that accompany ejaculation are 
probably elicited by catecholamines secreted 
from the adrenal medulla. The adrenal medulla 
receives sympathetic nerves via the thoracic 
sympathetic chain and the major/minor 
splanchnic nerves. 


Ejection is achieved by three mechanisms: 


1) The pressure gradient between the bolus of 
semen inside the closed posterior urethral 
chamber and the widely dilated bulb of the 
anterior urethra (the bulb expands 2-3 folds 
after emission). 


2) Intermittent relaxation of the external 
vesical sphincter which permits semen to enter 
the bulbous urethra. 


3) Rhythmic contraction of the 
ischiocavernosus, bulbocavernosus, as well as 
other muscles of the pelvic floor, to propel the 
semen entering the bulbous urethra to the 
outside. There are 3 to 7 contractions about 
0.8 second apart. 


Orgasm 


Orgasm is a pleasurable cortical sensory 
experience usually associated with emission 
and ejaculation and is thought to be caused by 
afferent impulses from contraction of the 
smooth muscles of the internal sex organs as 
well as contractions of the pelvic striated 
muscles. However, orgasm is independent of 
emission and ejection since they may occur 
separately as evidenced by the following: 


e Vibratory stimulation of the glans penis 
produces erection, emission, and ejection 
without pleasurable sensation. 


anhedonia 
normal 


e Patients with ejaculatory 
(pleasure-less ejaculation) have 
erection, emission and ejection. 


e Patients having failure of emission or 
retrograde ejaculation do experience orgasm. 


e Orgasm occurs in male infants and children 
without occurrence of emission or ejection. 


e Orgasm may be generated cerebrally without 
afferent input from the genitals. It has been 
induced by stimulating the septal area of the 
brain in human males, and reported during 
psychomotor fits in patients with temporal 
lobe lesions. 


Aging and sex 
Sexual activity 


Men experience a gradual decline in 
sexual interest and coital activity which start 
somewhere during the years of middle age and 
continue to advanced age. Sexual activity and 
coital frequency were studied in 4 groups of 
aging men: 40-49 years, 50-59 years, 60-69 
years, and 70 years or more and it was found 
that 96%, 94%, 79% and 30% where sexually 
active, respectively. Coital frequency per year 
was 67, 59, 34 and 5 times, respectively. 
Cessation was due to either male factors 
(erectile dysfunction, illness, loss of desire) 
and/or female factors (illness, loss of interest, 
absence). 


Sexual response 


Masters and Johnson found characteristic 
changes occurring in he sexual response of 
aging men. 


Excitement stage: Sexual desire, although 
present, becomes less prominent. Purely 
psychic erections become rare and direct 
friction is often required. Erection needs more 
intense, direct and prolonged stimulation of 
the penis. Instead of the several seconds 
required in youth, the older man needs more 
time, several minutes, to achieve erection 
despite presence of effective sexual 
stimulation. Erection ay not be as full or as 
demanding as before. 


Plateau stage: This stage, like other stages 
of the sexual response in aging men, is 
prolonged. Once erection has been attained, 
it can be maintained longer, probably due to 
better control based on experience. 
However, if erection is lost before orgasm it 
may be difficult to regain it. Testicular 
elevation and  vasocongestion become 
minimal and the pre-ejaculatory fluid (pro- 
semen) made of Cowper’s and Littré’s 
glands secretion becomes markedly reduced 
or absent. 


Orgasmic stage: Orgasm assumes less 
importance and older men can do 
intercourse without urge for ejaculation. 
Men over 50 are usually satisfied with one 
or possibly two orgasms per week, the 
characteristics of orgasm itself become 
changed i.e. the subjective experience of 
ejaculatory inevitability is usually absent, 
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and the duration of orgasm is shortened due 


to occurrence of only one or two 
ejaculatory contractions (each is 0.8 
second) instead of three to seven 


contractions in younger age. The force of 
semen expulsion is decreased and semen 
volume is reduced. 


Resolution stage: Detumescence after orgasm 
is very rapid. The penis returns to its flaccid 
state within seconds after ejaculation, instead 
of the younger man’s pattern of minutes or 
even hours. The refractory period becomes 
much prolonged to several, up to 24, hours 
before another full erection an be attained 
under the influence of effective sexual 
stimulation. Some men may experience a 
paradoxical refractory period 1.e. if erection is 
lost before ejaculation, 12 to 24 hours might 
pass before a man can have another erection, 
just as though he had an actual orgasm. 


Reproductive changes 


Aging does not affect testicular size nor 


weight. However, gradual histologic 
degenerative changes affect the Leydig cells 
and seminiferous tubules. Leydig cell 


number (5 cells per seminiferous tubule in 
the third decade) decreases with age (3 cells 
in the eighth decade). Decline of Leydig cell 
function is primary and not secondary to 
pituitary gonadotropins which are normal or 
elevated in level. Total testosterone levels 
fall minimally after age 50, but an increase 
in SHBG results in a more evident decrease 
in free testosterone. However, the decrease 
in testosterone levels with aging does not go 
below the lowest border of the normal level. 
Aging does not cause increase in plasma 
estradiol nor prolactin level. 


Aging affects the seminiferous tubules 
mainly through the vascular supply. With 
progressive thickening of the basement 
membrane and tunica propria the germinal 
epithelium becomes increasingly separated 
from the blood supply. More reduction of 
blood supply occurs by  intratesticular 
microvascular changes, as coiling of 
interlobular arteries and collapse of the 
peritubular capillary network often appearing 
during the fifth decade. Aging leads to 
decreased spermatogenic activity. While 
90% of seminiferous tubules contain 
spermatids in the third and fourth decades of 
life, only 50% do so in the fifth to the 


seventh decades, and in men over 80 years of 
age only 10% of the tubules contain 
spermatids. Thus sperm production and 
semen quality decline progressively with 
age. 


Aging affects the penile vasculature and 
can explain the erectile changes occurring in 
old age. Fibrosis of the intima and media and 
calcium deposition in the vessel wall have 
been observed in aging males. 
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Androgen tar get or gan changes in the aging 
male 


Age related degenerative organ changes 
that occur in the aging male include a decline 
in bone mass and an increased incidence of 
osteoporosis and minimal-trauma fractures, a 
decrease in muscle tissue mass and a decline 
in muscle strength, an increase in adipose 
mass particularly in intra-abdominal fat, a 
decrease in sexual desire and erectile function, 
and a decreased sense of well-being. 


Section 1: Basic aspects of male sex 


Chapter 5: Sex and hormones 


Hormones and sex differentiation 


Male sex differentiation is achieved 
trough two important events namely 
regression of the Miillerian ducts and 
virilization of specific target organs (the 
Wolffian ducts, urogenital sinus, and 
external genitalia). This differentiation is 
induced by two hormones secreted by the 
fetal testis i.e. Müllerian inhibiting hormone 
(MIH) and testosterone. The MIH is secreted 
at 9 weeks of gestation by the fetal Sertoli 
cells and is thought to act locally on the 
Miillerian ducts rather than as a circulating 
hormone. 


Testosterone synthesis by fetal Leydig 
cells starts at 9 weeks and is induced by 
placental gonadotropin (HCG) which 
regulates testosterone secretion during the 
first trimester while during the last two 
trimesters regulation is also achieved by fetal 
pituitary LH secreted from 12 weeks 
gestational age. HCG is responsible for 
testosterone secretion during the critical 
period of male sex differentiation and is 
present at high concentrations in the fetal 
circulation at the end of the first trimester 
and subsequently declines. Peak fetal plasma 
testosterone concentration is reached by 
about 16 weeks of gestation with values 
comparable to those in the adult male and 
thereafter a low testosterone level is 
maintained. 


Virilization of the Wolffian ducts is 
induced by testosterone, whereas 
dihydrotestosterone is responsible for 
virilization of the external genitalia and 
prostate. This difference is due to the fact that 
the 5 a-reductase enzyme is present in the 
anlagen of the external genitalia prior to the 
onset of differentiation while the Wolffian 
ducts acquire this enzyme only after their 
differentiation is achieved. In patients with 
deficiency of 5 a-reductase the external 
genitalia fail to virilize while the organs 
derived from the Wolffian ducts (epididymis, 
vas deferens, ejaculatory ducts and seminal 
vesicles) develop normally. 
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Hormones and age 


Infancy 


At birth the male infant has circulating 
testosterone levels that are approximately half 
that of the normal adult (i.e. approximately 
240ng/100ml). There is a dramatic drop within 
the first few days, presumably due to the 
withdrawal of HCG. Estrogen levels also drop 
to prepubertal levels. 


There is a secondary rise in circulating 
testosterone starting in the second week and 
reaching a peak similar to the levels at birth 
between the 30" and 60" day, and then 
gradually declining to a low prepubertal level 
(5ng/100ml). 


Sensitivity of the hypothalamus to 
negative feedback starting during fetal life, 
continues to increase markedly so that by six 
months age both gonadotropins and sex 
hormones levels are low ( prepubertal level). 


Childhood 


During childhood the circulating levels of 
testosterone, estrogens, LH and FSH are low. 
The hypothalamic-pituitary gonadal axis is 
functional but at a low level of activity. 
Gonadotropin levels in childhood do not 
exhibit pulsatile episodic fluctuations of the 
type found in adulthood. 


Mild and very gradual increase in FSH 
and LH levels, but as yet not resulting in rising 
gonadal steroid levels, occurs at 
approximately ages 10 to 12. 


Puberty 


Initiation of puberty is dependent on the 
occurrence of progressive reduction in the 
sensitivity of the hypothalamic sex steroid 
receptors (the “gonadostat”) to the circulating 
levels of sex steroids leading to increased 
secretion of hypothalamic GnRH, pituitary 
FSH and LH, and gonadal sex hormones. The 
earliest sign of pubertal endocrine changes is 
the occurrence of nocturnal surges of 
gonadotropins before there is any noticeable 
change in daytime levels. 


Pituitary gonadotropin production 
increases to reach adult levels during puberty. 
In the male, increased testosterone production 
starts at age 12 with a steep rise until the age 
of 16 and a further slight rise to adult levels by 
the early or mid-twenties. There is also a fall 
in SHBG during adolescence to adult levels. 
Estrogens in the male are predominantly in the 
form of estrone. Though the testis secretes 
estradiol and estrone, the majority of male 
estrogens come from peripheral conversion of 
androgens to estrone. 


Old age 


The hormonal changes occurring in old 
age, usually starting during the fifth decade, 
are very gradual and of variable timing and 
degree in males, whereas in females they are 
more obvious and more rapid. 


In males, aging is accompanied by a 
decrease in free testosterone plasma level 
resulting from an increase in SHBG level. 
Decreasing Leydig cells activity leads to 
decreased testosterone production and 
lowering of total plasma testosterone level. 
Plasma FSH and LH tend to increase with 
aging while estrogens and prolactin do not. 


Hormones and the sexual 


response 


The role of hormones in the human sexual 
response has not yet been defined accurately. 
In men, androgens are necessary for sexual 
desire and ejaculation. Erection and sexual 
pleasure (orgasm) appear to be androgen 


independent. Erection in hypogonadal men 
was not improved by androgen therapy 
suggesting that erection is not androgen 
dependent. The first obvious effects of 
androgen withdrawal are on sexual desire and 
ejaculation. 


Hormones and sexual behavior 


Attempts to correlate hormone levels with 
sexual activity have been few and with 
predominantly negative results. In men, no 
correlation between testosterone level and 
frequency of sexual activity has been found. 


Hormones appear to have no role in 
abnormal sexual behavior. Male and female 
homosexuals and transsexuals studied for their 
plasma levels of LH, testosterone and estradiol 
showed normal levels comparable to control 
persons with normal sexual behavior. 


Sex hormones 


Sex steroids (androgens, estrogens and 
progesterone) are produced principally by the 
gonads and adrenal cortex. They all have a 
common basic structure, similar to cholesterol. 
There is considerable — inter-conversion 
between different steroids, with a number of 
intermediate stages which may be present in 
the blood but are relatively inactive until 
further conversion e.g. androstenedione to 
testosterone and testosterone to 
dihydrotestosterone (DHT). The principal 
steroids and their intermediates are shown in 
fig. 5.1. 
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Fig. 5.1: Sex steroids and their intermediate stages. 


Male androgens 


Origin: The main plasma androgens are 
testosterone,  dihydrotestosterone, andro- 
stenedione, and  dehydroepiandrosterone 


(DHEAS). The average blood testosterone 
production rate in normal adult males is 6.6 + 
0.5mg per day (Table 5.1). Most of plasma 
testosterone is of testicular origin (95%), while 
5% arises from peripheral conversion of other 
steroids as androstenedione and DHEAS. The 
major source of blood androstenedione and 
DHEAS which are biologically weak 
androgens, is the adrenal cortex. Contrary to 
testosterone, most of blood production of DHT 
(approximately 300ug/day) arises from 
peripheral conversion from testosterone since 
the testes secrete 50-100 ug/day of DHT. 


Androgen biosynthesis: Inside Leydig cells 
cholesterol is synthesized from glucose and 
fatty acids. In addition, cholesterol can be 
accumulated from the blood. Leydig cell 
mitochondria, like those in the ovary and 
adrenal cortex, have the unique ability to 
cleave the cholesterol side chain to produce 
pregnenolone. This latter C-21 steroid is the 
precursor for steroid synthesis in all these 
organs. In the testis, pregnenolone is 
converted to testosterone by several 
microsomal enzymes. Although testosterone is 
the major secretory product of the testis, other 
intermediates are also produced but they 
contribute little to the androgen content of the 
blood (Table 5.1). 


Androgen secretion: The major route for 
steroid exit from the testis into the general 
circulation is via the spermatic venous blood. 
Testosterone level in spermatic venous blood 
is 40 to 60 times higher than in peripheral 
blood. There is a circadian rhythm of 
testosterone secretion in young men which is 
highest at about the time of awakening and 
lowest in the evening; the amplitude is small 
(10-25%). This circadian rhythm may be a 
persistence of the sleep-related rise in LH and 
testosterone occurring during puberty in boys, 
and it ultimately disappears with advancing 
age. 


Androgen transport: Once testosterone is 
secreted into the spermatic venous blood, it 
becomes bound to plasma proteins. Binding of 
sex steroids to plasma proteins protects them 
from degradation. Only free testosterone is 
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freely exchangeable with the extravascular and 
intracellular compartments and therefore 
biologically active. Only the free testosterone 
in the plasma and testosterone bound to 
albumin, but not to SHBG, are available for 
metabolism by the liver and other tissues. 


98% of plasma testosterone in the male is 
bound to different types of plasma proteins 
and only 2% is unbound. 57% is bound to sex 
hormone-binding globulin (SHBG), 40% to 
serum albumin, 1% to corticosteroid-binding 
globulin (CBG), and only 2% of the total 
testosterone is free. Thus the normal plasma 
free testosterone level is 12.1 + 3.7ng/dl (2% 
of 61 1ng/dl). 


SHBG is synthesized by the liver and it 
binds the sex steroids of high biological 
activity i.e. testosterone, DHT, and estradiol. 
Plasma level of SHBG is lower in men than 
women, and lower in normal men than in 
hypogonadal men. Plasma level of SHBG is 
lowered by administration of testosterone and 
increased by estrogens. Testosterone has a 
stronger binding affinity to SHBG than 
estrogens. Thus, lowering of the free plasma 
testosterone concentration which occurs after 
estrogen administration in men is due to 
increased SHBG level and increased binding 
of testosterone to it. Plasma level of SHBG is 
increased in estrogen-treated males, 
hyperthyroidism and cirrhosis and is decreased 


in androgen-treated males and hypo- 
thyroidism. 
Androgen metabolism: Only the free 


testosterone in the plasma and testosterone 
bound to albumin, but not to SHBG, are 
available for metabolism which occurs in the 
liver and some extrahepatic tissues. 
Testosterone is metabolized by 2 pathways, 
hepatic and extrahepatic, each involving 50% 
of the metabolized testosterone. 


In liver, testosterone is metabolized 
mainly to androsterone and etiocholanolone 
which become conjugated with glucuronic 
acid and sulphuric acid and excreted in urine 
as glucuronides and sulphates which form part 
of the urinary 17-ketosteroids. In the 
extrahepatic tissues, testosterone is 
metabolized to either a more active androgen 
i.e. DHT (1.5 to 2.5 times more potent), or to 
another steroid with a different biological 
activity i.e. estradiol. 


Table 5.1: Sex steroids plasma levels and blood production rate in healthy males. 


Sex steroid Plasma level Blood production Relative 

(ng/dl) rate (mg/day) androgenicity (% ) 
Testosterone 611+ 186 6.6 + 0.5 100 
Dihydrotestosterone 56 + 20 0.3 + 0.06 181 
Androstenedione 150 + 54 1.4 39 
Dehydroepiandrosterone 501 + 98 10 -30 15 
(DHEAS) 
Progesterone 30 0.75 
Estradiol 2.5 +0.8 0.045 
Estrone 4.6 0.06 


Conversion of testosterone to DHT occurs 
via the enzymes 5 a-reductase. In adults, the 
activity of this enzymes is high in skin and 
genital organs (prostate, seminal vesicles, 
epididymis), so that DHT is the dominant 
intracellular androgen in these tissues. 
Testosterone is converted to estradiol in the 
brain, skin, fat, and liver by the enzyme 
aromatase. 


Mechanism of androgen action (androgen 
receptors): Inside the cell cytoplasm, 
testosterone or DHT binds to a protein termed 
the androgen receptor. This steroid-receptor 
complex binds to specific sites on nuclear 
chromatin called the nuclear acceptor. 
Interaction of the steroid-receptor complex 
with its nuclear acceptor leads to transfer of 
messenger RNA to cytoplasm which results in 
protein synthesis. 


Physiologic action of androgens: Androgens 
have two main physiologic actions, anabolic and 
androgenic. These are illustrated in Table 5.3. 


Effect of castration: Since the testes normally 
produce approximately 95% of the testosterone 
in the male, bilateral orchiectomy results in a 
marked reduction in the plasma testosterone 
levels. The post-castration level of plasma 
testosterone averages 43 + 32 ng/dl. This level 
is almost identical to the average plasma 
testosterone level of 45 + 16 ng/dl for the 
normal woman. There is also no significant 
difference between the low plasma testosterone 
level in prepubertal boys (6.62 + 2.46ng/dl) or 
girls (6.58 + 2.48ng/dl) (Table 5.2). 


Male estrogens 


Male plasma estrogens include estrone 
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(E,) and estradiol (E2). The normal plasma 
level of these hormones is 4.6ng/dl and 
2.5ng/dl, and their production rate is 60 
ug/day and 45 ug/day, respectively. Of this 
total daily production of 105ug, the testes 
produce 10 ug of estradiol while estrone and 
the rest of estradiol are derived from 
peripheral conversion of testosterone to 
estradiol and androstenedione to estrone, 
besides inter-conversion occurring between 
estrone and estradiol. Thus approximately 
90% of plasma estrogens are derived from 
conversions and inter-conversions which 
occur mainly in fat and also in the brain, skin 
and liver. Testicular estradiol is secreted by 
Leydig cells and Sertoli cells. 


Men over 50 years of age have an 
increase in total plasma estradiol level of 
about 50%, with minimal change (less than 
10%) in the free estradiol level because of 
increase in binding of estradiol by elevated 
levels of SHBG, which are also age-related. 
An age related decrease in the plasma free 
testosterone level while the free estradiol level 
is maintained produces a 40% increase in the 
value for the ratio of free estradiol/free 
testosterone. 


Feminization in males (as manifested by 
gynecomastia) occur by increase of 
estradiol/testosterone ratio rather than by the 
absolute levels of these hormones. This 
increase can occur by increased estradiol 
plasma level, or decreased testosterone 
action at the cellular level despite normal 
estradiol and testosterone plasma levels due 
to end-organ insensitivity to testosterone or 
block of androgen receptors by anti- 
androgenic drugs. 


Table 5.2: Normal plasma testosterone values. 


Value (ng/dl) 
Adult males 611.00 + 186.00 
Castrated males 43.00 + 32.00 
Adult females 45.00 + 16.00 
Prepubertal boys 6.62 + 2.46 
Prepubertal girls 6.58 + 2.48 


Table 5.3: Physiologic actions of androgens in the male. 


Anabolic actions 
Testosterone promotes protein synthesis in somatic tissues as muscles, bones, liver and kidneys 
Androgenic actions 

Fetal sexual differentiation 

Testosterone: Wolffian duct — epididymis, vas deferens, ejaculatory duct and seminal vesicle 

DHT: Urogenital sinus and external genitalia — prostate, Cowper’s glands, penis and scrotum 
Male puberty 

Sex organs 


External genitalia: The penis and scrotum increase in size and become pigmented. Rugal folds 
appear in the scrotal skin 


Accessory sex glands: The prostate becomes palpable and the other organs such as the seminal 
vesicles, enlarge over the nest 4 to 5 years. Secretory activity develops 


Secondary sexual characteristics 


Hair growth: Mustache and beard develop and scalp line undergoes recession. Pubic hair grows 
upward into the typical diamond-shape pattern of the male escutcheon. Axillary, body, 
extremity and perianal hair appears. Onset of activity of sebaceous glands and of apocrine 
sweat glands (odoriferous) in the axillae and genital region. 
Linear growth: Until puberty, linear growth is fairly stable at about 2 inches per year. At 
puberty, there is a growth spurt which increases the rate to about 3 inches per year. 
Voice: The voice pitch is lowered because of enlargement of the larynx and thickening of he 
vocal cords 

Reproduction 
In the adult male, testosterone is necessary for normal semen production; affecting both 
spermatogenesis (sperms) and the secretory activity of the accessory sex glands (seminal 
plasma) 

Sexual desire 


Testosterone is needed for sexual desire in both males and females 
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Section 2: Effect of disease on male sex 


Chapter 6: Erectile dysfunction and cardiovascular 


disease 


Introduction 


Although vascular disease in arteries 
supplying the penis obviously impedes erectile 
function by limiting blood flow, systemic 
vascular dysfunction is also intimately related 
to erectile dysfunction (ED). Cardiovascular 
disease shares with ED the same risk factors, 
namely hypertension, hypercholesterolemia, 
diabetes and smoking. In addition, ED is 
highly prevalent in patients with 
cardiovascular diseases. In fact, ED is 
actually considered a symptom of silent 
generalized cardiovascular disease. 


There is a high prevalence of erectile 
dysfunction in patients having, coronary artery 
disease (CAD), peripheral arterial disease and 
cerebrovascular disease. In addition, the 
prevalence of ED seems to be increased as the 
severity of vascular disease augments. 


On the other hand, cardiovascular 
diseases are prevalent among patients with 
ED. In fact, early asymptomatic vascular 
disease has been detected in men complaining 
of ED. 


In patients with chronic coronary 
syndrome complaining of ED, symptoms 
appeared prior to CAD detection in 93% of 
cases. ED is manifested before other signs of 
vascular disease because penile artery 
diameter is smaller (l-2mm) than the 
coronary (3-4mm), carotid (5-7mm) or 
femoral (6-8mm) artery, then the symptoms 
caused by atherosclerosis in penile vasculature 
appear earlier. 


Role of risk factors: "Overlap of risk factors" 


The risk factors for coronary artery 
disease (CAD) and ED leading to endothelial 
damage and vascular obstruction are similar, 
including age, dyslipidaemia, hypertension, 
diabetes, smoking, sedentary lifestyle, obesity 
and depression. As a consequence men with 
ED have a higher incidence of concomitant 
(silent or manifest) CAD or peripheral 
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vascular disease than non-ED. In addition men 
with a common vascular disorder, mainly 
CAD, have an increased incidence of 
concomitant ED. Most patients with ED are 
known to have at least one significant 
cardiovascular risk factor. In a general ED 
population the prevalence of 4 major risk 
factors-hypertension, diabetes, hyperlipidemia 
and depression — were 41.6%, 42%, 20% and 
11%, respectively. 


In addition, the number of risk factors has 
been found to be correlated with the likelihood 
of having abnormal penile blood flow 
hemodynamics assessed by penile duplex 
Doppler ultrasound. 


a) Hypertension 


ED was 15% in treated hypertensives 
compared to 9.6% of the whole population. In 
another study, ED was reported in 17% of men 
with untreated hypertension in comparison 
with 25% of men who were receiving current 
antihypertensive treatment; a finding which 
suggests that certain treatments can induce 
significant deleterious effect on erectile 
mechanisms. 


Compared to the general population of ED 
cases, patients with hypertension had more 
severe ED (45.2% in hypertensives versus 
~10% ina general population). 


b) Smoking 


Smoking is well known as a risk factor for 
endothelial damage and vascular disease. 
Although cessation of smoking later in life 
may still be of some benefit to the 3-4mm 
coronary arteries, it may be too late to reverse 
damage to the small (1-2mm) penile arteries. 


c) Lipid abnormalities 


A high density lipoprotein (HDL) level > 
60mg/dL was associated with a lower risk of 
ED as compared to < 30mg/dL level. Increase 
in total cholesterol level was associated with a 
higher risk of ED. 


d) Diabetes 


Diabetics suffer from both endothelial / 
vascular and neurological ED, with ED 
prevalence as high as 80% in those over 60 
years of age. As compared to non diabetics, 
ED occurs at an earlier age and is strongly 
influenced by the duration of the metabolic 
alteration. Early and vigorous glucose control 
might be preventative. In addition, the early 
use of statins and perhaps prophylactic PDE-5 
inhibitors as daily therapy theoretically could 
preserve endothelial function. 


e) Lifestyle issues 


Cigarette smoking, heavy drinking, 
sedentary lifestyle, and obesity were 
associated with an increased risk of 


developing moderate-to-severe ED. There is a 
low risk of ED among men who maintained a 
physical activity level of at least 200kcal per 
day. The risk of ED was significantly reduced 
among men who were sedentary and became 
physically active. 


Cardiovascular response to sexual activities 


The cardiovascular response to sexual 
activity is the combination of physical activity 
and a state of sexual arousal. Sexual arousal is 
the major determinant of the cardiovascular 
response to sex. The response was compared 
with that of a symptom-limited treadmill test. 
During sexual activity, the heart rate 
progressively increased with a peak value 
during orgasm greater with men on top than 
with woman on top (127+23 bpm vs. 110+24 
bpm). During orgasm, the heart rate increase 
varied to 54-67% of the peakl heart rate 
achieved during the treadmill. 


Oxygen consumption (VO2), expressed as 
the metabolic equivalent of the task (MET) 
where 1 MET is equivalent to the VO2 
consumption in a resting state, was calculated. 
The mean METs value was 3.3 for coitus with 
man on top. Thus, sexual activity poses little 
cost to the heart and is similar to ordinary 
daily activities. 


The cardiovascular responses during 
sexual activity in patients with CAD elicit 
qualitative changes similar to normals. The 
heart rate response averaged 122 beats/minute 
(range : 102-137 beats/min) during intercourse 
compared to a maximum of 124 beats/minute 
during the rest of the day. 
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Some general considerations should be 
kept in mind. Firstly, the cost of intercourse is 
lower (3-4 METs) for couples in a long 
standing relationship than for extramarital 
intercourse with an unfamiliar partner. 
Secondly, younger couples may be more 
vigorous in their sexual activity than older 
ones, expending up to 5-6 METs. Finally, the 
concomitant use of cardiovascular medication 
such as beta-blockers and/or calcium- 
antagonist may lower sexual activity cost, 
limiting the risk of effort-induced acute 
coronary events. 


Thus, exercise stress test is the most 
indicated tool to check functional reserve 
before sex. CAD patients should be always 
asked to perform an exercise stress test 
before initiating or resuming sexual activity. 
If they can exercise up to 3-6 METs without 
evidence of myocardial ischemia, they can 
generally engage in sexual activity without 
experiencing cardiac symptoms. 


In an asymptomatic subject, tolerance to 
sexual activity may be assessed by simple 
every day guidelines. If he/she can tolerate 
walking 1 mile (1.5km) briskly on the level in 
20 minutes (3-4 METs) or climb two flights 
of stairs without limiting symptoms (6 
METs), it is highly probable that sexual 
activity can be tolerated without cardiac 
symptoms. 


Sexual activity as a risk factor 


Overall, the risk of myocardial 
infarction during sexual activity is 
negligible. Although maintaining sexual 


activity has been reported to have potential 
health benefits, it can trigger myocardial 
infarction (MI), arrhythmia or sudden death 
in a very small minority of patients. Sexual 
activity was the potential trigger for 
myocardial infarction in 1.5% of cases. The 
relative risk of MI was confined to the 2 
hours after sexual activity. The risk decreased 
to none if the subject engaged in regular 
physical activity (at least 3 times/week) at 
moderate workload (5-6 METs). 


Coital sudden death is very rare. Death 
related to sexual activity was 0.6%. 
Extramarital sex was responsible for 75%. 
The partnership of an older man with a 
younger woman was the most common 
setting. 


Post-MI sexual activity 


It is safe for the recovering MI patient 
who is in stable condition and not suffering 
from congestive heart failure, unstable angina, 
or arrhythmia to resume sexual activity. 
Studies of post-MI patients have shown that 
heart rate, blood pressure, and ST segment 
changes recorded during intercourse are within 
the limits of many other ordinary daily 
activities. 


Causes of post-MI sexual dysfunction 
a) Psychological factors 


Psychogenic factors, rather than physical 
distress or medication side effects, are the 


most common cause of post-MI sexual 
dysfunction. 
b) Physical distress 

Patients may develop chest pain, 


palpitations, shortness of breath, or fatigue 
which often creates fear and thereby affects 
the frequency and quality of sexual 
encounters. The individual who is subjected to 
attacks of angina tends to try to avoid any 
activity that could provoke an attack. 


c) Drugs 


Some cardiovascular drugs, such as 
diuretics, digitalis, beta-blockers, anti- 
hypertensives, antiarrhythmics, lipid lowering 
agents, may affect patient’s sexuality. 


d) Prior sexual problems 


Prior abnormal sexual function such as 
ED or ejaculatory disorders will continue to be 
exaggerated after a heart attack. 


Table 6.1: Risk of sex in cardiac diseases. 


e) Spouse fear and anxiety 


Spouses are most often concerned that sex 
may be too stressful or unsafe for a cardiac 
patient. Such fears ultimately will affect their 
desire to resume sexual relations. 


Assessing the risk of sex in ED patients 


Princeton I consensus conference (1999) 
has proved to be a useful clinical guide to 
evaluating ED and sexual activity in cardiac 
patients and those at cardiac risk. The 
importance of ED as a risk marker in men 
with no cardiac symptoms is highlighted in 
Princeton II as is the value of lifestyle 
changes. The concept of "physically fit 
sexually fit" is emphasized. According to the 
number of conventional risk factors (if 
asymptomatic) or the presence and the 
severity of common heart diseases, subjects 
are divided into three risk categories: low, 
intermediate-or indeterminate and high risk. 
Low-risk patients should be reassured. 
Medications for ED can be prescribed 
without need for additional tests. In high risk 
patients treatment for ED should be deferred 
until a full cardiologic assessment is 
performed. Men at intermediate or indeter- 
minate risk, may benefit from additional 
non-invasive tests, aimed to better define the 
presence and the extension of subclinical 
coronary atherosclerosis ands be re-allocated 
into low or high categories. These tests 
include an exercise treadmill stress test and 
stress echocardiography. Table 6.1 demonstrates 
the degree of risk of sex in various cardiac 
diseases. 


Disease Low risk Intermediate risk High risk 
Hypertension Controlled Uncontrolled 

Angina pectoris Mild, stable Moderate, stable Unstable or refractory 
Myocardial infarction 6-8W post MI MI > 2W but < 6W Recent MI < 2W 


Heart failure 
High risk arrhythmias 


LYD (class I) 


Post-revascularization + 

Peripheral arterial disease 

History of stroke 

Valvular disease Mild disease 


Obstructive hypertrophic 
cardiomyopathies 


LVD / CHF (class T) CHF (class III, IV) 


+ 


Severe disease 
+ 


NB: The high-risk group represents the absolute contraindications of sexual activity. 
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Vasculogenic erectile dysfunction: 
Pathophysiology 


Introduction 


Vascular erectile dysfunction consists of 
arteriogenic ED (cavernosal artery 
insufficiency) and  veno-occlusive ED 
(dysfunction of penile venous systems). These 
two mechanisms often coexist in the same 
patient, and may reflect two stages of the same 
pathological process. 


Erectile rigidity depends upon the rate and 
volume of blood flow into the corpora 
cavernosa of the penis via cavernosal arteries 
as well ass passive veno-occlusion, which 
maintains rigidity. It is estimated that 70% of 
all ED is the result of changes related to both 
the intra-penile and pre-penile vasculature 
either through diminished inflow or excessive 
outflow. 


Vascular erectile dysfunction is the result 
of a combination of functional as well as 
structural changes of the penile vascular bed. 
In the presence of vascular risk factors, 
functional vascular erectile dysfunction takes 
place, due to endothelial dysfunction 
resulting from a reduced bioavailability of 
vasodilators. In particular a deficit in nitric 
oxide (NO) action and the associated 
reduction in vasodilatation of penile vessels is 
likely to be a key component of inadequate 


erectile responses. This early stage of 
functional erectile dysfunction is 
characterized clinically by inability to 


maintain a rigid erection and the treatment 
of risk factors and vascular conditions 
associated with endothelial dysfunction (e.g. 
hypertension, hypercholesterolemia, obesity, 
physical inactivity) has been shown, to 
improve erectile function. (Over time, 
structural erectile dysfunction takes place in 
the form of atherosclerosis of penile blood 
vessels leading to arterial stenosis with 
reduced blood inflow and smooth muscle 
atrophy and fibrosis leading to increased 
blood outflow. This late stage of structural 
erectile dysfunction is currently considered 
to be irreversible. 


Occlusive disease 


Occlusive disease of the pudendal- 
cavernosal-helicine arterial tree is primarily 
caused by the development of atherosclerotic 
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lesions leading to narrowing of the 
hypogastric-pudendal arterial bed and 
diminished arterial perfusion pressure which 
decreases arterial inflow to the lacunar spaces 
of the corpora cavernosa. Arterial 
insufficiency also triggers a cascade of 
ischaemic/hypoxic cytotoxic events impairing 
the erectile tissue endothelium, smooth 
muscle, nerves and microvessels. 


Endothelial dysfunction 


The vascular endothelium of the penis has 
an important role in modulating vascular tone. 
Endothelial cells lining the internal surface 
of penile arteries and sinusoids of the 
cavernosal tissue affect the tone of adjacent 
smooth muscle cells through the release of 
relaxing factors (such as nitric oxide and 
prostaglandin-E2) and vasoconstrictive 
agents (such as endothelin-I and 
angiotensin-II). In vasculogenic ED, the 
regulatory role of the endothelium is hindered, 
resulting in decreased bioavailability of and/or 
responsiveness to vasodilatory mediators. 


The nitric oxide (NO) pathways is of 
critical importance in the normal induction 
and maintenance of erections. NO induces 
vasodilatation through increase in cGMP 
and counter balances RhoA/Rho-kinase- 
mediated vasoconstriction. In vasculogenic 
ED, dysfunctional endothelial cells lining the 
penile arterial system and the corpus 
cavernosum produce less NO. 


Assessment of endothelial dysfunction 
can be made by measurement of some serum 
markers which are raised in presence of 
endothelial dysfunction. These include: 


© Endothelin-1 (ET-1). 


@ Asymmetrical dimethylarginine (ADMA): 
This is a competitive inhibitor of NOS. 


® C-reactive protein (CRP). 


® Markers of cell adhesions: These include 
E-selectin, intercellular adhesions molecule-1 
(ICAM-1) and vascular adhesion molecule-1 
(VCAM-1). 


® Transforming Growth factor-beta 1 (TGF- 
beta 1). 


@ eNOS and soluble guanylate cyclase: 
Levels are increased in ED patients. 


Excessive smooth muscle contraction 


Chronic ischaemia increases the 
contractile reactivity of the cavernosal smooth 
muscle. It leads to significant increase in the 
production of constrictor eicosanoids such as 
PGF-2a and thromboxane. High levels of 
eicosanoids interfere with the expression of 
NOS proteins and down-regulate NOS 
expression. 


The RhoA/Rho kinase pathway plays an 
important role in calcium sensitization and 
tonic contraction of smooth muscle. 
Cardiovascular diseases are associated with an 
enhancement of RhoA/Rho kinase activity. 


Endothelin-1 (ET-1) is a potent 
endogenous vasoconstrictor released by 
endothelial cells. ET-1 levels are elevated in 
plasma from patients with atherosclerosis, 
hypertension and hypercholesterolemia. An 
increased activity/production of ET-1 could 
also antagonize erectile process. Patients with 
organic ED show higher venous and 
cavernosal ET-1 levels. 


Smooth muscle atrophy and fibrosis 


Prolonged exposure to ischaemia results 
in loss of smooth muscle and increased 
collagen fibers. A decrease in cavernous 
trabecular smooth muscle and an increase in 
connective tissue are correlated with diffuse 
venous leakage and a failure of the veno- 
occlusive mechanism, hence resulting in ED. 


The metabolic syndrome 
Introduction 


Metabolic syndrome (MS) refers to the 
clustering of several cardiometabolic risk 


factors, including abdominal obesity, 
hyperglycemia, dyslipidaemia and elevated 
blood pressure, that are likely linked to insulin 
resistance. The clinical relevance of MS is 
that it identifies people who are at increased 
long-term risk of cardiovascular disease and 
type 2 diabetes. In men, insulin resistance is 
associated with erectile dysfunction with 
endothelial dysfunction likely to be one of the 
underlying mechanisms. Increased visceral fat 
mass is also associated with hypogonadism. 
Table 6.2 represents the clinical diagnostic 
criteria of the MS. 


Prevalence of metabolic syndrome 


The prevalence of MS in adults aged 20 
years and over is between 34.6% and 39.1%. 
MS is more prevalent with increasing age, 
affecting half of adults aged 60 years and over. 


The link between metabolic syndrome and 
erectile dysfunction 


Men with the metabolic syndrome have 
an increased prevalence of erectile 
dysfunction, and reduced endothelial function 
score. Erectile dysfunction prevalence 
increases as the number of components of the 
metabolic syndrome increases, with 
approximately 20%, 30% and 35% of patients 
with ED having 3, 4, or 5 components of MS, 
respectively. In patients diagnosed as having, 
MS, 96.5% exhibited ED, and in men with 
organic ED, 43% displayed MS. 


With increased BMI (body mass index) 
the frequency of hypogonadism and ED 
increased, whereas total serum T showed a 
strong negative correlation. For a BMI < 25, 
23.1% had vasculogenic ED, as compared 
with 59.3% with a BMI > 25. 


Table 6.2: Clinical definition of the metabolic syndrome (WHO). 


Criteria required 


Central obesity 


Hyperglycemia 
Dyslipidaemia 

< 1.0mmol/L (women) 
Elevated blood Blood pressure > 140/90mmHg 
pressure 
Other 


Hyperglycemia/insulin resistance plus two or more of four other criteria 
Waist/hip ratio > 0.9 (men), > 0.85 (women) and/or body mass index > 30kg/m* 
Insulin resistance: diabetes, impaired fasting glucose, impaired glucose tolerance 


Triglyceride levels > 1.7mmol/L and/or HDL-cholesterol level < 0.9mmol/L (men), 


Micro-albuminuria: urinary albumin excretion rate > 20ug/min or urinary 


albumin/creatinine ratio > 3.5mg/mmol 
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Metabolic 
dysfunction 


syndrome and endothelial 


Endothelial dysfunction is a particularly 
relevant finding in patients with ED, 
especially in the early phase of the disease. In 
a later phase, other factors, such as impaired 
arterial flow of hypogastric, pudendal arteries, 
cavernosal fibrosis, and hypoxia, come into 
play to cause and maintain sexual dysfunction. 
Patients with the metabolic syndrome had an 
increased prevalence of erectile dysfunction, 
reduced endothelial function, and higher 
circulating concentrations of C-reactive 
protein. 


The link between metabolic syndrome and 
hypogonadism 


Increasing abdominal obesity leads to 
increased activity of the enzyme aromatase, 
present in adipose tissue, which converts 
testosterone to estrogen. The resulting low 
testosterone level increases lipoprotein lipase 
enzyme activity and triglyceride uptake 
leading to increased obesity and insulin 
resistance. This in turn causes further 
androgen deficiency and visceral fat 
deposition. Estradiol inhibits gonadotrophin 
release from the pituitary. Furthermore, 
testosterone levels are also lowered as a result 
of leptin resistance at the hypothalamic- 
pituitary level and the inhibitory effect of 
leptin on the testicular axis. Proinflammatory 
adipocytokines such as tumour necrosis a 
(TNF-a) and interleukin 6 (IL-6) could also 


potentially inhibit the pituitary axis resulting 
in low testosterone levels. 


Negative impact of metabolic syndrome on 
the responsiveness to PDE-5 inhibitors 


The impact of MS on the 
responsiveness to 50mg sildenafil in patients 
with ED was studied. A lower response rate 
was reported for patients with MS, compared 
to the overall efficacy in ED patients (40% 
versus 70.9%), respectively. The response rate 
for sildenafil decreased as the number of MS 
components increased. 


Erectile dysfunction as a silent 
marker of coronary artery 
disease 


As cardiovascular disease and erectile 
dysfunction (ED) overlap in risk factors, 
prevalence and manifestation, they are thought 
to share both the etiology of and progression 
of the disease process. Pathological changes 
which link these conditions include 
endothelial dysfunction, inflammation, 
alterations in androgen levels and blood vessel 
size (Table 6.3). 


Role of endothelial dysfunction / inflammation 
a) Endothelial dysfunction 


Both cardiovascular disease and ED have 
been linked to endothelial dysfunction. The 
penile vascular bed may be a sensitive 
indicator of systemic vascular disease. 


Table 6.3: Erectile dysfunction and coronary artery disease: a close relationship. 


Prevalence of CAD in ED patients with no overt heart disease: Among 
those ED patients who were submitted to coronary angiography or 
coronary CT-angiography, 94% and 55% have significant coronary 


ED has a twofold increase in the risk for AMI 
Hypertension, diabetes, hyperlipidaemia, smoking, obesity, sedentary 


Endothelial dysfunction; inflammation; oxidative stress; low testosterone 


Prevalence Prevalence of ED in CAD: 42-75% 
stenosis, respectively 
Prognosis 
Risk factors 
lifestyle, depression 
Pathophysiologic 
mechanisms level 


Time internal between ED & 
CAD 


Severity 

LV function 
Cardiovascular drugs and 
ED 


Treatment of ED and CAD 


In men with ED and CAD, erectile function abnormalities become evident 
prior to the clinical manifestation of CAD by a mean time interval of 2-3 
years 

Significant association between severity of ED and extent of CAD 

LV dysfunction is an independent risk factor for ED 

Improvement: ACE inhibitors, statins 

Deterioration: beta-blockers, thiazide diuretics, digoxin 

PDE-5 inhibitors: favorable effect on LV function, coronary and peripheral 
vasculature; reduction of cardiovascular morbidity and mortality 
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Such dysfunction within the penile 
endothelium is likely to occur prior to its 
occurrence in other parts of the circulation. 


b) Inflammation 


Presence and extent of ED are associated 
with markers and mediators of subclinical 
inflammation and endothelial activation, such 
as hsCRP, fibrinogen, von Willebrand factor, 
interleukins (IL)-1B and 6 and adhesions 
molecules (ICAM and VCAM). Of those, 
fibrinogen and IL-6 and their combination 
appear to have the potential to aid ED diagnosis 
or exclusion. Oxidative stress, particularly via 
reactive oxygen species, is associated with 
decreased erectile function mediated by 
increased oxidative catabolism of NO. 


The “artery size” hypothesis 


Because of the smaller size of the penile 
vessels, the clinical manifestations of penile 
endothelial dysfunction (ED) may become 
evident much earlier than with coronary or 
peripheral vascular disease. Many men newly 
diagnosed with CAD are found to already 
have ED. A malfunction in the penile 
arteries causing ED may be a predictor of 
silent, subclinical cardiovascular disease 


(CVD). 


Clinical evidence of CAD in ED patients 
with No CVD 


Insufficiency of the penile vasculature 
causing ED may be a predictor of silent 
subclinical cardiovascular disease. Almost one 
out of five men without symptoms for CAD, 
presenting with erectile dysfunction do actually 
have underlying significant coronary artery 
stenosis as revealed by coronary angiography. 
with 


Erectile dysfunction in 


established CAD 


The prevalence of ED in patients with 
CAD was found to range between 42% and 
75%. 67% reported ED symptoms prior to 
CAD symptoms by an average of 36 months. 
There is a lead time of at least 2-5 years 
between the development of ED and 
symptomatic CAD. 


patients 


Testosterone and cardiovascular 
disease 
@ There is a consistent inverse relationship 


between endogenous testosterone levels and 
adverse cardiovascular events. 
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© Low testosterone levels are independently 
associated with many of the individual risk 
factors for heart disease. 


® Testosterone supplementation in men is 
relatively safe in terms of cardiovascular 
health. 


® Testosterone use in men with low 
testosterone levels led to inconsequential 
changes in blood pressure, glycemic control 
and all lipid fraction. 


Treating ED in the cardiac 
patient 


Introduction 


ED is frequent in patients with 
diagnosed CAD and PDE-5 inhibitors are 
widely used in such patients. A strong body 
of clinical data shows all 3 agents (sildenafil, 
tadalafil and vardenafil) do not increase the 
risk of myocardial infarction, stroke, or 
cardiovascular deaths. These drugs do not 
exacerbate ischemia or worsen exercise 
tolerance in patients with CAD. PDE-5 
inhibitors are safe for patients with stable 
CAD who are not taking nitrates. Nitrates in 
combination with PDE-5 inhibitors may 
cause a profound and unpredictable decline 
in blood pressure and are contraindicated. 
The 24-hour period between nitrate use and 
short-acting PDE-5 inhibitor administration 
(up to 48 hours for the long-acting tadalafil) 
appears prudent. After cessation of oral 
nitrate, PDE-5 inhibitors can be used 
safely. 


Only calcium-channel antagonists had a 
significant adverse effect on erectile function. 
Treatment with -blockers, diuretics, 
angiotensin-converting enzyme (ACE) 
inhibitors, angiotensin (AT1) antagonists was 
not associated with a decreased erectile 
function, whereas statins had a_ beneficial 
effect. It is recommended that all men with 
erectile dysfunction should undergo a full 
medical assessment. Baseline physical 
activity needs to be established and 
cardiovascular risk graded as low, 
intermediate, or high (Table 6.1). Most 
patients with low or intermediate cardiac risk 
can have their erectile dysfunction managed 
in the outpatient. 


Lifestyle changes 
The commonest modifiable lifestyle 
factors associated with ED are obesity, 


cigarette smoking, hyperlipidaemia and a 
sedentary lifestyle. Four out of five men with 
ED are obese or overweight and nearly half 
of these are also sedentary. Increased 
physical activity should be used as a 
preventative strategy against the development 
of ED as well as a treatment strategy to 
improve erectile responses in those already 
suffering from ED. Increased physical 
activity can also improve other risk factors 
(obesity, insulin resistance, hypertension, 
dyslipidaemia, and inflammation) associated 
with endothelial and erectile dysfunction, 
cardiovascular disease, as well as poor 
response to PDE-5 inhibitors. Single exercise 
sessions have been shown to acutely enhance 
endothelial function for at least 24 hours by 
1.5 to 2 fold but are abolished by 48 hours. In 
addition, aerobic exercise interventions of 
variable length (1-12 weeks) have found 
marked improvements in endothelial 
function, in particular increased 
bioavailability of NO as well as delayed 
progression and even regression of 
atherosclerosis. Considering that NO is the 
principal mediator of penile erection, greater 
availability of endothelial NO should lead to 
enhanced physiological erectile function after 
acute exercise. Obesity per se is a clear risk 
factor for ED and reduction of obesity has 
been linked with improvements in erectile 
function. 


Smoking increased the risk of developing 
ED by 50%. Smoking has been shown to 
significantly adversely interfere with the 
cavernous veno-occlusive mechanism and to 
reduce the erectile response to intracavernous 
injections. 


Drug therapy 
1. Phosphodiesterase (PDE) type 5 inhibitors 


PDE-5 inhibitors have transformed the 
management of erectile dysfunction. The 
mechanism of action by blocking the 
degradation of cyclic guanosine 35- 
monophosphate (CGMP) by PDE-5 promotes 
blood flow into the penis and the restoration of 
erectile function. They do not initiate an 
erection and sexual stimulation is needed to 
obtain an erection. 
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2. Sildenafil (Viagra) 


Overall success rates of 80% in patients 
with cardiovascular disease have been 
recorded. Studies have not found the use of 
sildenafil to be associated with any excess risk 
of myocardial infarction, stroke, or mortality. 
Sildenafil in men with severe CAD has a 
potentially beneficial effect on coronary blood 
flow. Studies have demonstrated improved 
endothelial function acutely and after long- 
term oral administration. Occasional postural 
effects have occurred with sildenafil when it 
was taken within 4 hours of doxazosin 4mg; 
advice to avoid this time interval is now in 
place. Sildenafil has also been proved to be 
effective in patients with heart failure. 


3. Tadalafil (Cialis) 


It has a safety and efficacy profile similar 
to that of sildenafil. A similar hypotensive 
effect has been recorded with a dose of 
doxazosin 8mg. It is suggested that tadalafil is 
taken in the morning and doxazosin in the 
evening. There is no interaction of tadalafil 
with the selective o-adrenoceptor antagonist, 
tamsulosin, which can therefore be prescribed 
as an alternative to doxazosin for benign 
prostate hypertrophy. Tadalafil improved 
erections by 67% and 81% in men taking 
10mg and 20mg of tadalafil. 


4. Vardenafil (Levitra) 


It has a similar clinical profile to 
sildenafil. Improved erections were reported 
by 66%, 76% and 80% of men taking 5mg, 
10mg and 20mg of vardenafil respectively. 
Vardenafil has also improved erections in 
difficult to treat subgroups. In diabetic patients 
72% reported improved erections compared to 
13% of patients taking placebo. 


5. Injection therapy 


Direct intracavernosal injection of 
vasodilating agents began in the 1980s. 
Prostaglandin El is a natural substance that 
relaxes smooth muscle cells and dilates the 
arterioles, increasing blood flow into the 
penis. Alprostadil is a commercially available 
form of prostaglandin E1 that is effective in 5 
to 15 minutes, with an erection that usually 
lasts 30 minutes but occasionally may persists 
for several hours. The starting dose is 1.25ug 
and can be increased to 40ug, depending on 
effect. It is important that patients be taught 


the correct technique for injection. On removal 
of the needle, firm pressure is applied and the 
drug should be gently massaged into the penis 
for approximately 30 seconds. Men on 
anticoagulants, however, should compress the 
injection site for 5 to 10 minutes. 


The resulting erection occurs without 
stimulation, although stimulation may 
enhance its effects. It is recommended that this 
treatment not be used more frequently than 
every four days. Alprostadil is effective in up 
to 80% of the cases. 


6. Transurethral therapy 


Intra-urethral therapy of alprostadil 
presents an alternative to injections. Medicated 
Urethral System for Erection (MUSE) is a 
single-use transurethral system that involves 
the insertion of a 1.4mm pellet into the urethra 
using a hand-held applicator just after 
micturition and about 15 minutes prior to 
sexual activity. Patients should receive an 
initial dose of 250ug with dosage titration 
between 125 and 1000ug under medical 
supervision until the patient achieves a 
satisfactory response. This dosage is much 
higher than with injection therapy due to drug 
loss in the general circulation. A maximum of 
two doses are allowed per 24 hour period. 
Success rates of up to 60% have been recorded. 


7. Psychosexual therapy 


If psychogenic ED is present, appropriate 
counseling should be arranged. Even organic 
cases of ED may have a psychological 
component secondary to the dysfunction itself. 


8. Vacuum constriction devices 


The vacuum constriction device is a long- 
established means of treating ED. It is a non- 
invasive method that produces an erection by 
creating a pressure vacuum of up to 
250mmHg, causing blood flow into the penis. 
The erection is then maintained with the 
placement of a rubber construction ring at the 
base of the penis. The constriction ring must 
not be left in place longer than 30 minutes, 
since ischaemic damage could occur. 


A significant hematoma may occur in 
men on anticoagulants; so, this is a relative 
contraindication. Specific training and advice 
before commencing the use of a vacuum 
device are needed. Vacuum devices are also 
not recommended for men with penile 
curvature. 
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Potential cardiac application of PDE-5 
therapy beyond erectile dysfunction 


1. Pulmonary hypertension 


Sildenafil has been shown to be 
beneficial to patients with pulmonary arterial 
hypertension, either idiopathic or secondary. 


2. High-altitude illness 


PDE-5 inhibitors show promise in high 
altitude medicine, as, by virtue of their 
vasodilating effect on the pulmonary 
circulation, they suppress the altitude-induced 
pulmonary hypertension, thus limiting the 
altitude-induced hypoxemia. 


3. Systemic hypertension 


Because PDE-5 is present in artery and 
vein smooth muscle cells throughout the body, 
PDE-5 inhibitors have mild systemic 
vasodilatory effects. Concomitant use of PDE- 
5 inhibitors with antihypertensive drugs results 
in either no or small additive reductions in 
blood pressure. 


4. Coronary artery disease 


PDE-5 inhibitors have potential as 
cardiovascular drugs in patients with 
vasospastic angina or diffuse coronary 


microvessel disease. 
5. Heart failure 


A therapeutic role for PDE-5 inhibitors in 
the management of patients with heart failure 
and reduced ejection fraction with associated 
pulmonary hypertension was observed in short 
period studies. 


6. Raynaud’s phenomenon 


PDE-5 inhibitors, through their vasoactive 
and platelet-inhibitory effects, may lead to 
improved microcirculation, decreased 
frequency and shorter duration of attacks, and 
ulcer healing in patients with vasodilator- 
resistant Raynaud’s phenomenon. 


7. Peripheral artery disease 


Therapeutic use of PDE-5 inhibitors may 
extend to the chronic tissue ischemic states 
such as peripheral artery disease. 


&. Congenital heart disease 


Sildenafil increases pulmonary blood flow 


and improves cyanosis in patients with 
Eisenmenger syndrome and atrial septal 
defects 


Section 2: Effect of disease on male sex 


Chapter 7: Sex and diabetes mellitus 


Epidemiology 

Diabetes mellitus is a common chronic 
disease, affecting 0.5-2% worldwide. In 
clinics that treat ED, the prevalence of 


diabetes as co-morbidity is 20-25%. ED in 
diabetics is more common than retinopathy or 
nephropathy. The prevalence of ED in 
diabetic patients is 40%, with a range of 27.5- 
75%. 


Studies have revealed a prevalence of 
49% rate of ED in patients with type 1 
diabetes and 34% and 24% of severe and mild 
to moderate ED respectively, in patients with 
type 2 diabetes. The onset of ED occurs at an 
earlier age in those with diabetes mellitus and 
presents within 10 years of the onset of 
diabetes in more than 50% of patients. 


Clinical findings 


In 12% of type 1 diabetic men ED was the 
first symptom of diabetes. Men with diabetes 
suffer ED 5-10 years earlier than age- 
matched control subjects. Almost 100% of 
patients with diabetic neuropathy will have 
ED. The prevalence of coronary artery disease 
(20%) and peripheral vascular disease (5%) 
among men with diabetes is far higher than in 
the general population. Pathologic changes in 
the cavernous arteries, ultrastructural changes 
in the cavernous smooth muscle, and impaired 
endothelium dependent relaxation of the 
corporal smooth muscle have been noted in 
penile specimens from diabetic men with ED. 
Impotent men with diabetes have fewer sleep- 
related erections, shorter tumescence time, 
diminished penile rigidity, and lower penile 
blood pressure than age-matched non-diabetic 
men. 


The presence of ED was associated with 
more than 14 times higher risk for silent 
coronary artery disease in diabetic men; the 
presence of ED in diabetic patients could 
predict the future major cardiovascular 
events. 


There have been conflicting results about 
the beneficial effects of strict glycemic control 
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on the erectile function. Some studies reported 
improved erectile function following the 
reduction of HbAlc, while others reported no 
significant change. 


Hypogonadism was found in 24.5% of 
men with diabetes, and diabetics had a 
significantly increased prevalence of 
hypogonadism than did non-diabetics. 


Diabetic ED patients are difficult to treat 
population with current PDESIs. Responders 
had a total T value higher than non — 
responders. Co-administration of oral T with 
sildenafil reverses ED in those who showed 
insufficient response to sildenafil alone. In 
addition to lower baseline T level, glycemic 
control was associated with the response to 
PDESIs. Uncontrolled diabetes was one of a 
predictors of a poor response to sildenafil. 


Pathogenesis of ED in diabetes mellitus 


ED in diabetics may be vasculogenic, 
neurogenic, psychogenic or mixed. 
Vasculogenic ED is the commonest type. 


Vasculogenic ED 
e Angiopathy 
Macro-angiopathy (rarely): Iliac arteries. 
Microangiopathy (frequently): Penile 
arteries. 


(NO) 


e Impairment of neurotransmitter 
synthesis / release 


Central level (cerebral / spinal): NO J, 


Peripheral level (penis): NO J. This is 
due to: 


- Impairment nNOS due to NANC nerve 
dysfunction. 


- Impairment of eNOS due to endothelial 
dysfunction. 


- Increased reactive oxygen species (ROS) 
from prolonged hyperglycemia leading to 
scavenging of NO. 


- Upregulation of arginase (NOV) 


- Glycosylated haemoglobin C-induced 
decrease of NO-release. 


Erection is initiated by NO release from 
nNOS at NANC nerve terminals. 
Maintenance of cavernosal vasodilatation 
occurs through the activation of eNOS in 
endothelial cells. Impaired vasodilatory 
signals often results from NANC nere 
dysfunction and/or endothelial dysfunction. 


Responding to sexual stimulation, NO is 
released from vascular endothelium of corpora 
cavernosa as well as cavernous nerve 
terminals under the catalysis of eNOS 
(endothelial nitric oxide synthase) and nNOS 
(neuronal nitric oxide synthase). NO activates 
guanyl cyclase in penis smooth muscle cells 
which increases the concentration of cyclic 
guanosine monophosphate (cGMP). 


The elevated concentration of cGMP 
results in relaxation of both arterial and 
trabecular smooth muscle cells which rises 
penile blood flow and enlarges the sinusoidal 
spaces. 


e Endothelial dysfunction: This leads to: 
- Impairment of eNOS (NOV) 


- Upregulation of ET s-receptors (vaso- 


constriction). 


- Upregulation of @)-adrenoceptors (vaso- 
constriction). 


- Upregulation of protein kinase C (PKC)BI. 


- Upregulation of insulin-like growth factor 
binding protein 3 (IGFBP-3) precursor. 


e Cavernosal hyper-contractility: Increased 
contractile function of the corpus cavernosum 
can result from heightened sympathetic 
activation or potentiated intracellular 
contractile signaling of smooth muscle cells. 


e Impairment of cavernous tissue architecture 


- Enhanced apoptosis of smooth muscle 
cells and endothelium. 


- Enhanced collagen synthesis (TGFB1T) 
and fibrosis. 


e Veno-occlusive dysfunction: The limiting of 
blood outflow through mechanical 
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compression of the emissary veins against the 
tunica albuginea is essential for the 
maintenance of elevated corporeal pressure 
and a rigid erection. Structural alterations in 
the tunica albuginea in diabetes may lead to 
altered distensibility of the corpora required 
for veno-occlusion and the maintenance of 
ICP. 


Neurogenic ED 


Sensory neuropathy: Pudendal and dorsal 
penile nerve. 


Autonomic neuropathy 


Parasympathetic (pelvic and cavernous 
nerves): ED. 


Sympathetic (pelvic and cavernous nerves): 
Retrograde ejaculation or failure of emission. 


Psychogenic ED 


May be pure psychogenic ED or mixed 
psychological factors with organic ED. 


Ejaculator dysfunctions 


Contrary to the high incidence of ED in 
diabetes (50%) ejaculatory disturbances are 
rare. Retrograde ejaculation occurs in 1 to 2% 
of diabetics. It is caused by sympathetic 
neuropathy affecting the internal vesical 
sphincter. It is often a forerunner of ED which 
s usually expected to follow within few years. 


Failure of emission can occur in diabetics. 
It is caused by a more advanced degree of 
sympathetic neuropathy than that leading to 
retrograde ejaculation. These patients have a 
preserved orgasmic sensory experience and 
negative postejaculatory urine findings for 
sperm and fructose. 


A third ejaculatory dysfunction in 
diabetics is partial ejaculatory incompetence 
(failure of urethral propulsion). The expulsion 
phase of the ejaculatory reflex 
(parasympathetic) is inhibited while the 
emission phase (sympathetic) remains intact. 
The result is that semen trickles out of the 
penis. 


Section 2: Effect of disease on male sex 


Chapter 8: Sex and urologic disease 


Chronic renal failure 


Chronic renal failure (CRF) may result 
in ED in up to 50% of patients. Possible 
mechanisms for ED in these patients include 
vascular insufficiency, autonomic or sensory 
neuropathy, decreased testosterone and 
increased prolactin levels, significant anemia, 
associated diabetes, psychologic stress, and 
anti-erectile medications such as 
antihypertensives (Table 8.1). In patients 
requiring dialysis, occlusion of the cavernous 
arteries was found in 78% and veno- 
occlusive dysfunction in 90% of patients. 


Lower urinary tract symptoms 
in men 


Male lower urinary tract symptoms 
(LUTS) and sexual dysfunction are increasing 
with advancing age and are strongly linked. 
Lower urinary tract symptoms in men are 
mainly the manifestation of benign prostatic 
hyperplasia (BPH), bladder outlet 
dysfunction and the underlying bladder 
storage dysfunction. There is an association 
between LUTS and ED. ED was reported in 
77% of patients suffering from LUTS. 
Ejaculatory dysfunction (EjD) is also related 
to LUTS severity. LUTS is also a risk factor 
for low sexual drive. 


Relationship between LUTS and ED 
suggests a common underlying patho- 
physiology or etiology. Research has 
identified several possible pathways and their 
links through which LUTS and ED develop 
(Table 8.2). Metabolic syndrome and 
atherosclerosis may induce autonomic 
nervous system hyperactivity in the lower 
urinary tract, prostate and penis with the 
change of adrenergic receptors sensitivity 
and density, increase Rho-kinase and ET1 
activity, reduce NOS expression and 
eventually cause LUTS and ED. In addition 
to common risk factors, it is thought that the 
psychological impact of LUTS on quality of 
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life may also alter a patient’s erectile 
function. The common pathophysiology of 
ED and LUTS is presented in table 8.2. 


The greatest improvement of erectile 
function in recent pilot studies in patients 
with LUTS was found with the combination 
of Q-adrenergic receptor antagonists and 
PDE-5 inhibitors. Cardiovascular effect is a 
concern with using PDE-5 inhibitors in 
conjunction with Q-adrenergic receptor 
antagonists. 


Surgical therapy of BPH remains the most 
effective modality in improving LUTS. The 
risk of ED after transurethral resection of the 
prostate (TURP), holmium laser enucleating 
of the prostate (HoLEP) and open 
prostatectomy (OP) is approximately 10%. 
The risk of EjD after TURP, HoLEP and OP is 
over 60%. The risk of ED after transurethral 
microwave thermotherapy or transurethral 
needle ablation was less than the risk 
associated with TURP. 


Targeting the pathological conditions 
underlying LUTS and sexual dysfunction 
through dietary and lifestyle modifications 
may prevent or decrease both sexual 
dysfunction and LUTS. Specifically, 
decreasing the risk factors for metabolic 
syndrome and atherosclerosis may reduce the 
suspected autonomic nervous system 
hyperactivity in lower urinary tract, prostate 
and penis. 


Cancer Prostate 


Prostate cancer represents the second 
most common solid malignancy diagnosed in 
adult men. In recent years the number of 
patients diagnosed with prostate cancer (PC) 
has increased dramatically because of the 
widespread use of prostate specific antigen 
testing. Standard treatments for PC are radical 
prostatectomy, radiotherapy (external-beam 
radiotherapy, brachytherapy), and androgen 
deprivation therapy. 


Table 8.1: Pathophysiology of ED in chronic renal failure and therapy options. 


Dysfunction 


Pathophysiology 


Therapy options 


Erectile 

Dysfunction 

Prevalence 55-85% in men with 
uremia or on peritoneal and/or 
haemodialysis with possible 
further increase after 
transplantation 


Low sexual desire 

Low desire present in 45-100% 
uremic patients and those 
undergoing haemodialysis & 
41% in post transplant patients 


Endothelial dysfunction from 
associated hypertension and 
diabetes mellitus 


Decreased oxygen delivery to 
genital tissues associated with 
anemia decreases NO synthesis 


Reduced NO production 
associated with increased 
production of dimethyl arginine 
Occlusive cavernosal artery 
disease 

Structural changes in cavernosal 
smooth muscle 

Veno-occlusive dysfunction: 
may be marked in end-stage 
renal failure 

Uremia-associated reduced 
bioavailability of arginase, 
reduced NOS expression, 
quenching of NO by increased 
reactive oxygen species and 
inhibition of NOS 


Autonomic nervous system 
dysfunction associated with 
uremia 

Diabetes related changes: 
reduction of NOS activity- 
possibly due to overexpression of 
arginase and lack of NADPH an 
essential co-factor for NOS. 
Reduced NADPH also promotes 
smooth muscle contractility by 
increasing diacylglycerol and 
protein kinase C 

Increased oxygen free radicals 
Iatrogenic: transplantation may 
worsen or induce ED 
Associated depression 
Medications: o-blockers, SSRIs, 
tricyclic antidepressants, 
benzodiazepines 


Low testosterone: Leydig cell 
dysfunction but rise in LH 
blunted. LH pulse amplitude J, 
GnRH pulsatility 4 
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Recombinant human 
erythropoietin. May be useful in 
80% of men with CRF on dialysis 
compared to only 20% of uremic 
men (i.e. not receiving dialysis). 


Use PDE-5 inhibitors to magnify 
action of remaining NO assuming 
no nitrate therapy. Caution with a- 
blockers, hypotension, aortic 
stenosis, LV outflow obstruction, 
unstable angina. 

Reduce dose in uremia but not 
when dialyzed 

Transplantation may improve ED 
PGE-1 benefits those non 
responsive to or unable to take 
PDE-S inhibitors 


Sildenafil effective and safe post 
transplant 


Testosterone therapy of limited 
benefit due in part to anemia and 
high prolactin. Erythropoietin 
partially corrects low testosterone 


Dysfunction 


Pathophysiology 


Therapy options 


High prolactin secretion 


Anemia of renal failure and 
associated fatigue 


Depression 


Bromocriptine effectively reduced 
prolactin but with minimal sexual 
benefit 

Erythropoietin, despite only partial 
correction of low T, Hct and high 
LH/FSH and prolactin, shows some 
sexual benefit in male 
hemodialyzed (but not uremic) 
patients 

Debility, fatigue, anemia may also 
improve with nandrolone 
concomitant with erythropoietin 
Treating depression improves 
sexual function 


Chronic pain reported by 85% 


Orgasmic disorder 

21% with haemodialysis, 17% 
with peritoneal dialysis and 
14% post transplant 


Low testosterone 


Neuropathy: uremic, diabetic 
autonomic and somatic 


Radical prostatectomy 
Non-ED sexual dysfunctions 


These dysfunctions include reduction in 
libido, anejaculation, alterations in orgasm, 
penile size alterations and possibly Peyronie’s 
disease. 


a) Anejaculation 


RP involving the surgical removal of the 
prostate, seminal vesicles and transection of 
the vasa, essentially disrupts the ejaculatory 


mechanism. It leads to reduced orgasmic 
quality, and it renders men infertile. 


b) Orgasm alterations 


Ejaculatory events that include smooth 
muscle contraction of the accessory sex organs, 
buildup and release of pressure in the posterior 
urethra, sensation of the ejaculatory 
inevitability, rhythmic contractions of the pelvic 
floor muscles and semen emission contribute to 
the sensation of orgasm. Sensory cortical 
neurons perceive these events as pleasurable. 


Table 8.2: Common pathophysiology for ED and LUTS. 


Pathophysiology 


Comment 


Metabolic syndrome / 
autonomic hyperactivity 


Imbalance in a-adrenergic 
receptor regulation 


Increased Rho-kinase 
activity 


Endothelin-1 activation 


Nitric oxide (NO / 
phosphodiesterase 
(PDE) theory 


Atherosclerotic 
changes 


Noradrenaline and a-adrenergic receptors in the sympathetic nervous 
system mediate adrenergic contraction of smooth muscles in the prostate, 
bladder neck, urethra and the corpus cavernosum, therefore, constituting 
the common link. 

Adrenergic receptors mediate smooth muscle tone. Aberrant smooth 
muscle contraction may be a common cause of both LUTS and ED. 
Rho-kinase activation leads to increased smooth muscle contraction by 
modifying the sensitivity of contractile and regulatory proteins to 
intracellular calcium, which in turn contributes to impaired erectile 
function and changes in bladder outlet tone. 

Endothelin-1 (ET-1) is a potent vasoconstrictor and acts by stimulating ET 
type a (ETa) and b (ETD) receptors. ETa is the predominant receptor in the 
smooth muscle cells of the corpus cavernosum, prostate and bladder. ET-1 
has been suggested to be an important regulator for ED associated with 
other ED risk factors, such as diabetes. 

NO/PDE theory gives the most logic explanation to link LUTS to sexual 
dysfunction. Reduced NOS/NO is related to ED and may also cause 
structural changes in the prostate and increase contraction affecting outlet 
resistance and bladder compliance, leading to LUTS. 

Atherosclerosis causes chronic ischemia and hypoxia to pelvic organs, 
including the bladder, prostate and penis that may contribute to the 
pathogenesis of both LUTS and ED. 
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Normally, orgasm is closely coupled with 
ejaculation, however, after RP orgasm occurs 
without semen ejection per se, yet ejaculatory 
muscular activity does persist. 


Orgasmic changes can be categorized into 
three areas (1) changes in orgasm presence and 
quality (ii) orgasmic pain (dysorgasmia) and 
(iii) orgasm associated incontinence. 17% of 
treated patients were unable to reach orgasm 
and 28% had orgasms that were 
disappointingly weak. Pain during orgasm 
occurred in 14% of the patients. Most patients 
(55%) had orgasm-associated pain for less 
than a minute, a third reported pain for 1-5 
minutes. With the use of tamsulosin, an alpha- 
adrenergic blocking agent, in patients with 
orgasmic pain, 77% patients reported 
significant improvement in pain and 12% 
noted complete resolution of their pain. 


Urinary incontinence during orgasm 
(climacturia) is another phenomenon that may 
adversely affect the satisfaction with sexual 
activity for men following RP. Climacturia 
occurred in 20% of patients following RP. 
Urine leakage quantity was only a few drops 
in 58% of the subjects but 16% reported a loss 
of more than 1 ounce. Treatment was bladder 
emptying in 84% and condoms use in 11%. 
Dysorgasmia can be managed 
symptomatically using alpha-blockers and 
climacturia ay be managed behaviorally (fluid 
intake restriction and bladder emptying prior 
to sexual activity) or mechanically (using a 
rubber constriction ring or condoms. 


c) Peyronie’s disease (PD) 


The prevalence of PD following RP has 
been 41%. It may be related to other post RP 
penile fibrotic changes, secondary to 
denervation and/or local ischemia. 


d) Penile volume alterations 


There is significant decrease in all penile 
dimensions after RP: decreased penile length 
of 9% and decreased volume of 22% in the 
erect state. The most substantial change 
occurred between the first 4 and 8 months 
postoperatively. Factors that result in reduced 
NO production or increased sympathetic tone, 
such as nerve injury after RP, may led to 
decreased relaxation or distensibility of 
corporal smooth muscle and may lead to loss 
of length. Structural changes probably result 
from a combination of neural injury mediated 
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denervation, apoptosis and collagenization of 
smooth muscle. 


Sexual information to patients before RP 


e Some sexual dysfunctions may occur after 
RP including ED, libido reduction, changes in 
orgasm, anejaculation, penile shortening and 
Peyronie's disease. 


e Prevalence of ED after RP is 20-90% 
depending on predictive factors of recovery 
which include patient age, baseline erectile 
function, nerve sparing status, co-morbidity 
status (e.g. diabetes), and surgeon experience. 


e The period of potential recovery of erectile 
function after RP is 6-36 months, mostly 12- 
24 months. 


Pathophysiology of ED after RP 


The pathophysiology of ED after radical 
prostatectomy involves the interplay of three 
factors: namely, neural injury, vascular injury 
and corporal smooth muscle damage. 


1. Neural trauma 


Histologically, neuropraxia / neurotomy 
leads to cavernosal bio-chemical, 
morphological, and functional changes at the 
level of both smooth muscle and endothelial 
cells. The first consequence of neural injury is 
the absence of erection and _ cavernosal 
oxygenation. When penile smooth muscle 
cells are exposed to a prolonged hypoxic 
environment, there is a significant over- 
expression of hypoxia-related pro-fibrotic 
substances, like transforming growth factor-B1 
(TGF-B1) and TGF-B1 dependent endothelin- 
1 (ET-1), which promote the deposition of 
collagen I and II within the corpus 
cavernosum, 


2. Corporal smooth muscle alterations 


Bilateral injury to the cavernous nerves 
may induce significant increased apoptosis to 
smooth muscle cells, particularly in the sub- 
tunical area, thus causing an abnormality of 
the veno-occlusive mechanism of the corpus 
cavernosum. 


3. Arterial injury 


Vascular injury involves damage to 
accessory pudendal arteries (APA). APA 
preservation at the time of open RP translates 
into an improvement in erectile function 
recovery. 


4. Cavernosal oxygenation 


The penis is a large vein in the flaccid 
state and a large artery in the erect state. 
Oxygenation up-regulates production of 
endogenous prostanoids as well cAMP. 
Cavernosal oxygenation is important to 
preserve erectile function. An inability to 
fully oxygenate corporal tissue is experienced 
in the early post-operative period after radical 
pelvic surgery. 


5. Venous leak 


Positioned between the tunica albuginea 
externally and the corporal smooth muscle 
internally are a series of sub-tunical venules. 
As the smooth muscle expands in a three- 
dimensional fashion under nitric oxide control, 
the sub-tunical venules are compressed 
against the tunica. This is the veno-occlusive 
mechanism. In conditions where the muscle 
fails to expand adequately some or all of the 
sub-tunical venules are left in a non- 
compressed state and this results in the 
concept we know as venous leak (synonyms: 
corporo-veno-occlusive dysfunction, 
venogenic ED). The two things that lead to 
failure of the corporal smooth muscle to 
expand are adrenaline, the world’s most potent 
anti-erection chemical, and structural changes 
such as fibrosis. Once smooth muscle content 
in the penis drops below 40% venous leak 
occurs; more than half of the men had venous 
leak after surgery, and there was an increase in 
the incidence of venous leak as time 
progressed after surgery. Men with venous 
leak are far less likely to respond to PDES 
inhibitors than men with arterial 
insufficiency. 


Therapy of post-surgical ED 
Treatment options are: 


- First-line therapies including patient 
education, lifestyle modification, 
psychotherapy, oral therapy, and the use of a 
vacuum device. 


- Second line therapies include intra-urethral 
alprostadil and  intracavernous injection 
therapy. 


- Third-line options include penile prosthesis 
implantation. 


Radiotherapy for prostate cancer 


The predominant etiology of radiation- 
induced impotence was arteriogenic. The 
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incidence of erectile dysfunction after external 
beam radiotherapy was 30-40%. The 
incidence of erectile dysfunction after 
brachytherapy (seed implantations) was 5- 
51%. 


After radiotherapy, ejaculatory 
disturbances varied from a reduction or 
absence of ejaculate volume (2%-56%) to 
discomfort during ejaculation (3-26%) and 
hemospermia (5-15%). Sildenafil improved 
erections significantly; 55% of the patients 
had successful intercourse with sildenafil. 


Androgen deprivation therapy for prostate 
cancer 


Pathophysiology of ADT related sexual 


dysfunction (SD) 


Testosterone plays an important role in 
maintaining male sexual desire. Testosterone 
also modulates many aspects of the 
neurogenic vascular dilatation integral to the 
erectile response. In the corpus cavernosum 
androgens regulate the multiple signaling 
pathways and the structure of cavernosal 
tissue. Androgens are involved in the 
regulation of: (i) NOS isoform expression and 
activity; (ii) phosphodiesterases-5 (PDES5) 
expression and activity; (iii) alpha 
adrenoceptor expression and function; (iv) 
smooth muscle cell growth and response to 
vasodilators, (v) connective tissue metabolism 
and deposition of the extra cellular matrix; (vi) 
differentiation of progenitor vascular-stroma 
cells into myogenic and adipogenic lineages; 
and in maintaining neural structure and 
function. Androgen reduction causes changes 
in tissue response to endogenous vasodilators 
causing reduced blood inflow (failure to fill); 
changes in the fibro-elastic properties and 
expandability with poor compliance of the 
corpus cavernosum, resulting in increased 
blood outflow (failure to accumulate blood 
under pressure) and dysfunctional veno- 
occlusive mechanism, contributing to ED. 


Androgen deprivation may be surgical 
(castration) or medical (LHRH agonists + 
antiandrogens). 


Management of ADT related SDs 


Most standard treatments for ED such as 
oral agents, vacuum erection devices, intra- 
corporal injection therapy, or placement of a 
penile prosthesis, are good options. Response 


rates were 33-80% with medical therapy, 
including 44% receiving PDES5 inhibitors 
monotherapy. 


Testicular cancer 
Introduction 


Testicular cancers are mainly germ cell 
tumors that are classified histopathologically 
into seminoma, nonseminoma and combined 
tumors. They account for about 1% of all male 
cancers. Excellent cure rates have been 
achieved with greater than a 99% cure rate by 
treatment with surgery, radiation and 
platinum-based chemotherapy. Patients have 
increased risk for sexual dysfunction after 
testicular cancer treatment (Table 8.3). 


Pathophysiology 


The mechanisms of sexual dysfunction 
associated with testicular cancer and its 
treatment are summarized in table 8.4. 


Treatment 


It is important to identify the 
psychological distress of testicular cancer and 
its treatment on patients and to include 
psychological therapy. Hormonal 


abnormalities should be corrected. All men 
undergoing orchiectomy should be offered the 
option of testicular implantation. 


Routine sperm banking is recommended 
before beginning chemotherapy or pelvic 
radiotherapy. 


Penile cancer 


The conventional treatment for this 
cancer is partial or total penile amputation, 
radiation or laser therapy. It appears that most 
patients can still enjoy a sexual life if laser 
treatment is used. More invasive procedures 
reduce this likelihood. If the lesion is early 
and noninvasive, conservative treatment with 
local resection, Mohs micrographic surgery, 
topical chemotherapy, external beam 
radiotherapy, brachytherapy, cryosurgery, or 
laser therapy can be used, with only marginal 
compromise of sexual function and 
satisfaction. In partial penectomy, in spite of a 
reduction in the penile length, vaginal 
penetration is frequently possible as is the 
ability to reach orgasm and ejaculation. If 
total penectomy is necessary, the reason for 
not resuming sexual intercourse or 
masturbation is obvious. 


Table 8.3: Sexual dysfunction after testicular cancer therapy. 


Sexual dysfunction % 

\ Desire 20% 
Erectile dysfunction 11.5% 
+ Orgasm 20% 
Ejaculation dysfunction 44% 
4 sexual activity 24% 
4 sexual satisfaction 19% 


Table 8.4: Pathophysiology of sexual dysfunction after testicular cancer treatment. 


Theory Rational 


Nerve damage 


Hormonal disturbance 


Body imaging effect 


EjD occurs in almost 100% of patients with bilateral radical RPLND due to the 
damage to the postganglionic nerves of the hypogastric plexus. RPLND with the 
nerve-sparing techniques can preserve the ejaculatory function. EjD can still 
occur in about 10-20% of patients 


Testicular cancer can cause hormonal disturbances with effects on gonadal 
function that independently influence sexual function. In patients with cancer 
free > 2 years, 55% and 49% of patients had elevated LH and FSH; 15% of 
patients had decreased testosterone and 7% of patients had abnormal estradiol 
levels. 


Correlation study revealed that changes in body image are statistically 
significant in association with negative impact on patients’ sexual life. The 
appearance of normal male scrotum is important and orchiectomy per se can 
affect psychosexual function. 
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Cancer bladder 


Bladder cancer, usually transitional cell 
arising from the bladder mucosa, is the fourth 
most common cancer in men. Standard radical 
cystectomy also removes the prostate, seminal 
vesicles and pelvic lymph nodes. Nerve 
sparing techniques to preserve erectile 
function after radical cystectomy remove the 
whole prostate, attempting to avoid the 
neurovascular bundles lateral to its surface. 
Other modifications include sparing the 
prostate, seminal vesicles and vasa deferentia 
so that both erectile function and ejaculation 
and fertility can be preserved. ED after nerve 
sparing operations was 14% to 42%. 
Recovery of erectile function may be 
enhanced after nerve sparing prostatectomy 
during radical cystectomy by the use of penile 
injection therapy or the oral 
phosphodiesterase inhibitors within a few 
weeks of surgery. 


Peyronie's disease 
Introduction 


Peyronie’s disease is both a physically 
and psychologically devastating problem for 
the affected male. Currently it is considered a 
wound healing disorder that presents with a 
fibrous inelastic scar of the tunica albuginea 
which is currently believed to occur in the 
genetically susceptible individual following 
some form of trauma to the penis. In the 
flaccid state, a palpable scar develops which 
in the erect state causes a variety of 
deformities, including curvature, shortening, 
narrowing, and hinge effect. In the early 
phase there is oftentimes an inflammatory 
component which causes pain. This 
inflammatory pain tends to resolve with time, 
but because of the deformity, intercourse may 
be compromised or impossible. Peyronie’s 
disease is also frequently associated with 
erectile dysfunction, and a variety of other co- 
morbid disorders, including diabetes, 
hypertension, dyslipidaemia, and low 
testosterone. Peyronie’s disease was named 
after Francois Gigot de la Peyronie, who first 
described this disorder in 1743. 


The prevalence increases from 1.5% for 
30-39 year-old men to 6.5% for men over 70. 
Approximately 30% of patients will have 
diabetes which has been found to be 
associated with advanced curvatures and 
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vasculogenic erectile dysfunction. Two thirds 
of patients with Peyronie’s Disease are likely 
to have risk factors for arterial disease 
(obesity, hypertension, hyperlipidemia, 
smoking) and therefore worsening long term 
erectile function. Dupuytren’s contractures 
occur in 20% of the patients. 


Peyronie’s disease is a progressive 
disorder with nearly half of men having 
disease progression if left untreated. Men 
followed for one year without treatment 
demonstrated that 12% improved, 40% 
remained stable, and 48% worsened. In most 
cases, Peyronie’s disease may be divided into 
an acute inflammatory phase and a chronic 
phase. During the former, there may be penile 
pain and curvature progression although the 
pain typically resolves spontaneously within 
6-18 months from onset in most patients. 


Patient evaluation 


The diagnosis of Peyronie’s disease is 
usually apparent from the patient history and 
penile examination. The main points to gather 
from the history are whether the disease is still 
active, the nature of the curvature and the 
presence of erectile dysfunction. 


Patients with a short disease duration (< 
12 months), penile pain or a recent change in 
penile deformity are still likely to have active 
inflammatory disease and therefore are not 
surgical candidates and would be more likely 
to benefit from medical therapy. 


Penile pain may be persistent in the 
inflammatory stage of the disease but is 
usually only present during erection. The pain 
is not usually severe in nature but may 
interfere with sexual function although 
spontaneous improvement usually occurs as 
the inflammation settles within 6 months and 
almost all men will experience pain 
resolution by 18 months. 


All the patients have either a well defined 
plaque or an area of induration that is palpable 
on physical examination. The plaque is located 
on the dorsal surface of the penis in two thirds 
of patients with a corresponding dorsal penile 
deformity. Lateral and ventral sited plaques 
are not as common but result in more coital 
difficulties as there is a greater deviation from 
the natural coital angle. Multiple plaques 
located on opposite sides of the penis or 
plaques appearing in the septum may cause 


penile shortening with or without a penile 
deformity. The consistency of the plaque, be it 
soft, tender, calcified or ossified should be 
noted as this may act as a guide to 
management. 


An assessment of the curvature on 
erection is best made by an intra-cavernosal 
injection of a vasoactive agent. This also 
allows complex curvatures to be assessed and 
will aid in the decision for the type of 
treatment best suited to the individual. 


The severe emotional distress that occurs 
is, in part, due to the deformity, but mainly 
due to the penile shortening that occurs in 
almost all patients. Clinical depression is 
remarkably common and 48% were clinically 
depressed. 


Erectile dysfunction associated with 
Peyronie’s disease has been reported in up to 
58% of men and may precede the onset of the 
deformity. It is usually due to one of 4 factors: 


a) Psychological (performance anxiety) 


The physical abnormality of the penis can 
cause anxiety or depression which may be 
severe enough to interfere with the ability to 
obtain or maintain an erection. 


b) Deformity preventing coitus 


The penile deformity may be so severe 
that penetration is made difficult or even 
impossible. This is more likely to occur if the 
deformity is in a ventral or lateral direction, or 
when a dorsal curvature exceeds 60 degrees. 
The pain that is sometimes experienced in 
Peyronie’s disease may also interfere with the 
erectile capacity. 


c) Flail penis 


There are a small group of patients with 
extensive Peyronie’s disease who also have 
circumferential plaques with cavernosal 
fibrosis. Tumescence is reduced or absent 
from this segment, and if extensive may result 
in an unstable penis or hinge effect. 


d) Impaired erection 


It may be due to concomitant vascular 
disease that occurs in 54% of patients with 
Peyronie’s disease or to site specific veno- 
occlusive dysfunction through an emissary 
vein that passes through the Peyronie’s plaque 
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into the dorsal vein of the penis and cannot be 
compressed between the tunical layers. 
Patients may present with only a flaccid distal 
portion of the penis or a soft glans penis, the 
proximal segment being normal. 


Investigations 


Ultrasound is used to identify the site and 
consistency of the plaque and is a useful tool 
to assess penile vascular blood-flow 
parameters. It can also determine the extent of 
plaque calcification as those men with 
extensive calcification do not respond well to 
non-surgical therapies and extensive 
calcification is an indication for surgical 
correction. It is a  minimally-invasive 
technique that is more accurate than X-ray, CT 
scan, or MRI. A vascular assessment should 
be performed in all patients with erectile 
dysfunction as well as those undergoing 
surgery and is best done using duplex 
ultrasound. 


Etiology 


A widely accepted hypothesis on the 
etiology of the PD plaque is that it originates 
from trauma or microtrauma to the erect 
penis during different types of sexual 
activities with or without partners. The 
association of PD with Dupuytren’s disease 
and a family history for this condition suggests 
that a genetic or immune-related process may 
determine predisposition to this localized 
fibrosis by modulating the reaction after 
trauma or microtrauma. 


Pathology of the PD plaque 


The main pathological process is tissue 
fibrosis, namely the excessive deposition of 
collagen and extracellular matrix with 
disorganization of collagen fibres and loss and 
disorganization of elastic fibers, combined in 
most cases with fibrin accumulation and 
different degrees of inflammation. Perhaps the 
most characteristic feature is the appearance of 
myofibroblasts, cells sharing the 
fibroblast/smooth muscle phenotypes that are 
not normally present in the tunica albuginea. 
Progression is characterized by an increase in 
fibrosis, and in some calcification and 
ossification. Where osteoblasts may be 
identified, that leads to substantial hardening 
of the plaque, as seen in at least 15% of 
patients. Spontaneous regression is a rare 


event. Myofibroblasts are responsible for the 
excessive collagen deposition in the plaque 
and possibly may cause penile bending by 
their well known contractility. 


Pluripotent stem cells are able to form 
myofibroblasts, smooth muscle cells, and 
osteoblasts. The presence of stem cells in the 
normal tunica albuginea may explain the 
fibrotic and osteogenic progression of the PD 
plaque upon the release of cytokines following 
microtrauma to the penis which would 
stimulate this cell lineage, commitment. 


Cellular and molecular mechanisms 


Fibrinogen extravasated into the tunica 
albuginea accumulate in the PD plaque. 
Clotting leads to fibrin formation, triggering 
the release in the lesions site of TGFB1, PAI- 
1, and reactive oxygen species, the main pro- 
fibrotic factors. The combination of these 
factors causes excessive collagen deposition, 
elastin degradation, myofibroblast 
differentiation from fibroblasts or stem cells in 
the tunica, oxidative stress, and eventually 
calcification. The PD tissue is in constant 
cellular and molecular turnover and 
spontaneous mechanisms of defense develop 
that try to counteract fibrosis and oxidative 
stress, among them iNOS induction that 
produces a steady output of nitric oxide that 
inhibits collagen synthesis and quenches ROS, 
and of cGMP that also reduces myofibroblast 
formation. This may explain the rare cases of 
spontaneous regression. 


Non surgical management of Peyronie’s 
disease 


Oral therapy 
a) Potassium para-aminobenzoate 


Potassium para-aminobenzoate (4 x 
3g/day for 12 months) showed a significant 
decrease of plaque size. Potassium para- 
aminobenzoate appears to stabilize the 
disorder by preventing the progression of 
penile curvature in patients in the early stage 
of disease. It should be noted that this 
treatment requires taking up to 24 tablets daily 
and is associated with gastrointestinal side 
effects. 


b) Vitamin E 


Vitamin E is the most common non- 
surgical therapy prescribed for treating 
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Peyronie’s disease. Recent studies did not 
show any significant improvement in pain, 
curvature or plaque size in PD patients when 
treated with vitamin E. However, it continues 
to be widely used. 


c) Tamoxifen 


Studies did not show any advantages in 
treating Peyronie’s disease with tamoxifen 
compared to placebo. 


d) Colchicine 


Colchicine is no better than placebo in 
improving pain, curvature angle, or plaque 
size in patients with Peyronie’s disease. 


e) Vitamin E and Colchicine 


A combination of vitamin E 600mg/day 
plus colchicines 1mg every 12h showed a 
reduction in plaque size and a significant 
improvement in penile curvature in early stage 
disease. 


f) Acetyl esters of Carnitine 


Studies did not show significant 
improvement in pain, curvature or plaque size 
in patients treated with propionyl-L-carnitine. 


Intra-plaques injections 
a) Steroids 


Intralesional betamethasone for 24 weeks 
resulted in similar results to placebo as regards 
pain, penile curvature and plaque size. 


b) Collagenase 


Intra-plaque injection of clostridial 
collagenase may prove to be a beneficial 
treatment of Peyronie’s disease. Clostridial 
collagenase is currently not available for 
clinical use. 


c) Verapamil 


Intralesional verapamil injections (10mg 
in 20ml saline, injected every 2 weeks for 6 
months) can be recommended for the 
treatment of non-calcified acute (<12 months) 


or chronic plaques to stabilize disease 
progression or possibly reduce penile 
deformity. 


d) Interferon 


Intralesional IFN alpha-2b (5.0 x 10° IU 
weekly x 12) in chronic PD (> 12 months) 
may be beneficial for men with Peyronie’s 


disease with reduction of curvature by 13.5°. It 
is significantly more costly than verapamil and 
has been associated with flu-like side effects. 


Other non invasive therapy 
Iontophoresis 


Iontophoresis using 10mg verapamil in 
4cc saline may be considered for the patient 
whose primary complaint is pain or in the 
patient with mild to moderate curvature (< 
45°). 


Penile traction devices 


Patients treated with daily application of a 
penile extender device for 2-8h per day for 6 
months showed a mean reduction of curvature 
of 33% (ranging from a 10° to 45° 
improvement), an increase in flaccid stretched 
penile length ranging from 0.5-2.0cm, and an 
improvement in hinge effect in all those with 
advanced narrowing or indentation. Traction 
therapy is the newest addition to the non- 
surgical armamentarium for Peyronie's disease 
and shows promise for reduction of curvature 
as well as recovery of some lost length and 
girth. 

Peyronie’s disease sur gical therapy 
Surgical indications 
These are presented in table 8.5. 


Two main pre-operative factors 
contribute to this decision, including penile 
rigidity and severity of deformity. When 
rigidity is adequate, with or without drug 


Table 8.5: Surgical indications. 


assistance, two approaches have been 
suggested including tunica  placation 
techniques, which are recommended when 
there is a simple curvature of less than 60-70 
degrees, and no hour glass deformity and 
when the presumed loss of length caused by 
the placation will be less than 20% of total 
erect length. For men who have more 
complex curvature greater than 60 degrees, 
and/or a destabilizing hour-glass or hinge 
effect then plaque incision, or partial plaque 
excision and grafting is preferred. It is 
important to stress that this approach is 
recommended for men who have good 
quality, preoperative erections. 


Surgical approaches 
a) Plication procedures 


Placation procedures are designed to 
shorten the long side of the penis. If the 
curvature is in a dorsal direction, the plaque 
causes shortening of the dorsal aspect, and, 
therefore to correct the curvature with 
placation, the ventral aspect is shortened. 
This approach is based upon the Nesbit 
procedure where an erection is created and a 
wedge of tunica is excised from the convex, 
(longer) side, then the edges are re- 
approximated to create the shortening effect. 
Currently, there are many variations of the 
plication procedure. 


Surgical algorithms have been published 
to guide the choice of surgical approach 
(Table 8.6). 


e Stable disease (> 6 months with no pain and stable deformity) 


e Compromised or inability to engage in coitus 


e Extensive plaque calcification 
e Failed conservative treatment 
e Wants the most rapid and reliable result 


Table 8.6: Peyronie’s disease sur gical algorithm. 


I. When rigidity adequate preoperatively with or without pharmacotherapy 


A. Tunica Plication when — 
i. Curvature < 60-70 degrees 
ii. No destabilizing hour-glass or hinge 


iii. Predicted loss of length < 20% erect length 


B. Plaque incision or partial excision and grafting when — 


i. Curvature > 60-70 degrees 
ii. Destabilizing hinge 
II. When rigidity suboptimal 
A. Penile prosthesis implantation 


The advantages of the placation approach 
are that they are simple, minimally invasive, 
and tend to preserve potency in most patients. 
The disadvantages are that they can result in 
penile shortening and may worsen an existing 
hourglass or hinge effect. 


b) Incision or partial excision and grafting 
techniques 


Surgical grafting techniques include 
plaque incision or partial excision. Minimizing 
the excision or making simple releasing 
incisions have been recommended so a smaller 
graft may be used. 


A variety of autologous grafts have been 
used including dermis, tunica vaginalis, 
temporalis fascia, buccal mucosa, and fascia 
lata. The most frequently used autologous 
graft currently in use is saphenous vein, 
which requires a separate incision to harvest. 


c) Penile prosthesis 


For those men who have poor quality 
erections and/or do not respond adequately to 
pharmacological therapy for their erectile 
dysfunction, penile prosthesis implantation is 
recommended. 


Priapism 
Definition 

Priapism is a full or partial erection 
which continues more than 4 hours beyond 


sexual stimulation and orgasm or is unrelated 
to sexual stimulation. 


I. Ischemic priapism (veno-occlusive, low- 
flow) 


Ischemic priapism is a persistent erection 
marked by rigidity of the corpora cavernosa, 
and little or no cavernous arterial inflow. In 
ischemic priapism there are time dependent 


changes in the corporal metabolic 
environment with progressive hypoxia, 
hypercarbia, and acidosis. The patient 


typically complains of penile pain and the 
examination reveals rigid erection. 
Histologic changes occur in the corporal 
smooth muscle by 12 hours. Interventions 
beyond 48-72 hours of onset may help relieve 
erection and pain, but have little benefit in 
preserving potency. Histologically by 12 
hours corporal specimens show interstitial 
edema, progressing to destruction of 
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sinusoidal endothelium, exposure of the 
basement membrane, and thrombocyte 
adherence at 24 hours. At 48 hours thrombi 
can be found in the sinusoidal spaces and 
smooth muscle necrosis with fibroblast like 
cell transformation is evident. 


Ischemic priapism is an emergency. 
When left untreated resolution may take days 
and erectile dysfunction invariably results. 


2. Stuttering priapism (intermittent) 


Stuttering priapism characterizes a 
pattern of recurrence. The term has 
historically described recurrent unwanted 
and painful erections in men with sickle cell 
disease. Patients typically awaken with an 
erection that persists for several hours. Males 
with sickle cell disease (SCD) may 
experience stuttering priapism from 
childhood. Any patient who has experienced 
an episode of ischemic priapism is also at 
risk for stuttering priapism. 


3. Non-ischemic priapism (arterial, high- 
flow) 


Non-ischemic priapism is a persistent 
erection caused by un-regulated cavernous 
arterial inflow. Typically the corpora are 
tumescent but not rigid and the penis is not 
painful. A history of blunt trauma to the 
penis or an iatrogenic needle injury is 
common. Whatever the mechanism of injury, 
the result is a disruption of the cavernous 
arterial anatomy creating an arteriolar- 
sinusoidal fistula. The cavernous 
environment does not become ischemic and 
cavernous blood gases do not show hypoxia, 
hypercarbia or acidosis. This type of priapism 
may not require emergent intervention. 
Normal erectile function has been reported 
after recovery from the initial event, despite 
persistence of non-sexual partial erection. 
Non ischemic priapism is a rare condition, 
occurring far less commonly than ischemic 
priapism. 


History 


The term priapism is derived from the 
mythical Greek God of fertility, Priapus, 
whose symbol was an erect penis. 

Etiology and pathophysiology of priapism 


The etiology an pathogenesis of priapism 
is presented in table 8.7. 


Table 8.7: Etiology and pathogenesis of priapism. 


Type of priapism Pathogenesis Causes 
Low-flow priapism 
Erection painful Decreased penile venous 


outflow due to: 


Aspirated blood dark 1. Sludging of blood in the penis 


Blood gas values due to normally decreased 
pH < 7.25 outflow during erection 
PO, < 30 
PCO, > 60 


Penile arterial 
pulsations absent by 


Doppler 
2. Infiltration of corpora 
cavernosa by malignant cells 
3. External compression of 
venous outflow 
4. Abnormal relaxation of 
corpora cavernosa 
Smooth muscle 
5. Unknown 
High-flow priapism 
Erection painless Increased arterial inflow 
Aspirated blood is 
bright red 
Blood gas values 
pH > 7.50 
PO, > 50 
PCO, < 50 


Penile arterial 
pulsations present by 
Doppler 


Disorders causing blood hyperviscosity 
Sickle ell disease 
Primary thrombocytopenia 
Hemoglobin C disease 
Thalassemia 
Multiple myeloma 
After stop of anticoagulants 
Patients on haemodialysis 
Patients on total parenteral nutrition 
Leukemia 
Malignant tumors of prostate, bladder, 
testis 
Metastases from tumors of the lung, 
kidney, and gastro-intestinal tract 
Hematoma or edema after pelvic or 
perineal trauma 
Malignant tumors of prostate, bladder or 
testis 
Neurologic disorders 
Lumbar disc disease 
Spinal trauma 
Spinal tumors 
Multiple sclerosis 
Epilepsy 
Encephalitis 
Pharmaco-diagnosis and therapy for 
impotence: papaverine, phentolamine, 
PGE, 
Oral PDES inhibitors (reported cases in 
men predisposed to priapism e.g. SCD, 
spinal cord injury) 
Drugs with o-adrenergic blocking effects 
Psychotropics 
Phenothiazines 
Trazodone 
Antihypertensives 
Prazosin 
Guanethidine 
Hydralazine 
Idiopathic priapism 


After penile or pelvic trauma resulting in 
cavernous artery laceration within the 
corpora (commonest cause) 

After penile revascularization operations 
(deep dorsal vein arterialization) 
Vascular erosions complicating 
metastatic infiltration of the corpora 
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I. Etiology of ischemic priapism (veno- 
occlusive, low-flow) 


Ischemic priapism accounts for more 
than 95% of all priapism episodes. Once an 
erection persists beyond 4 hours, and is not 
relieved by cessation of sexual stimulation or 
orgasm, ischemic priapism have begun. 
Erections lasting up to four hours are by 
consensus defined as “prolonged”; all 
manufacturers of erection facilitating 
pharmacotherapies (oral, injectable and intra- 
urethral) recommend that the patient seek out 
emergent medical consultation for prolonged 
erection. 


a) Sickle cell disease 


The etiology of veno-occlusive priapism 
is predominated by sickle cell disease. The 
mechanism of SCD priapism has been 
presumed to be stagnation of blood within the 
sinusoids of the corpora cavernosa during 
physiologic erection and sickled erythrocytes 
obstructing venous outflow from the corporal 
bodies. Sickle cell disease (SCD) was the 
primary etiology of ischemic priapism in 23% 
of adult cases and 63% of pediatric cases. 


b) Iatrogenic Priapism: Complication of 
treating ED 


Injection of intracavernous vasoactive 
medications for ED is the cause of priapism 
that many will encounter; prolonged erection 
is more commonly reported than priapism. 
Diagnostic injection resulted in 5.3% of men 
getting ischemic priapism and 0.4% of men 
reported priapism after injecting at home. In 
papaverine / phentolamine / alprostadil ICI 
programs prolonged erections have been 
reported in 5% - 35% of patients. 


c. Oral Phosphodiesterase type 5 inhibitors 


There are rare reported cases of priapism 
with use of PDES inhibitors that occur in 
predisposed men having SCD or spinal cord 
injury. 

2. Etiology of 
priapism 


stuttering (intermittent) 


Stuttering (intermittent) priapism 
describes a pattern of recurrent priapism. 
Patients typically awaken with an erection that 
persists up to four hours and becomes 
progressively painful secondary to ischemia. 
Patients with stuttering priapism will 
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experience repeated painful intermittent 
attacks up to several hours before remission. 
Two-thirds of males presenting with SCD 
ischemic priapism will describe prior 
stuttering attacks. 


3. Etiology of non-ischemic (arterial, high- 
flow) priapism 


High-flow priapism is a persistent 
erection caused by un-regulated cavernous 
arterial inflow. Non-ischemic priapism is 
much rarer than ischemic priapism and the 
etiology is largely attributed to trauma, 
resulting in laceration of the cavernous artery 
or one of its branches within the corpora, 
vascular erosions complicating metastatic 
infiltration of the corpora, and following 
surgical interventions: cold-knife urethrotomy, 
Nesbitt corporoplasty, deep dorsal vein 
arterialization. Any mechanism which 
lacerates a cavernous artery or arteriole can 
produce unregulated pooling of blood in 
sinusoidal space with consequent erection. 


4. Priapism in children 


Priapism in children and adolescents is 
most commonly related to SCD. The 
prevalence of priapism in pediatric sickle cell 
clinics is 2-6%. The majority of SCD priapism 
is ischemic. 


The molecular basis of ischemic and 


stuttering priapism 


Ischemic priapism consists of an 
imbalance of vasoconstrictive and vaso- 
relaxatory mechanisms predisposing the penis 
to hypoxia and acidosis. Extended periods of 
severe anoxia significantly impair corporal 
smooth muscle contractility and causes 
smooth muscle cell death and ultimate fibrosis 
of the corpora cavernosa. 


Additional pathophysiologic mechanisms 
involved in the progression of ischemia- 
induced fibrosis are the upregulation of 
hypoxia-induced growth factors. TGF-B is a 
cytokine which is vital to tissue repair. 
However, excess amounts may induce tissue 
damage and scarring and upregulation of 
TGF-B occurs during hypoxia and in response 
to oxidative stress. 


Ischemic priapism and stuttering priapism 
is a direct result of NO imbalance resulting in 
aberrant molecular signaling, PDES5 
dysregulation, adenosine overproduction, and 


reduction in Rho-kinase activity, translating 
into enhanced corporal smooth muscle 
relaxation and inhibition of vasoconstriction in 
the penis. 


Diagnosis of priapism 


Diagnosis of priapism is presented in 
tables 8.8, 8.9, 8.10. 


History 


Ischemia should be suspected if the 
patient has progressive penile pain, associated 
with the duration of erection; has used known 
drug associated with priapism; has sickle cell 
disease or another blood dyscrasia; has a 
known neurologic condition especially those 
affecting the spinal cord. Stuttering priapism 
history is one of recurrent episodes of 
prolonged erections, usually non-resolving 
morning erections or sexually stimulated 
erections. Non-ischemic priapism should be 
suspected when: there is no pain, there is a 
history of coital trauma, or blunt trauma to the 
penis. The onset of post-traumatic high flow 
priapism in adults and children may be 
delayed by hours to days following the initial 
injury. 


Table 8.8: Elements in taking the history of priapism. 


Physical examination 


Inspection and palpation of the penis is 
recommended. In ischemic priapism the 
cavernous bodies are rigid and the penis is 
tender to palpation. In high flow priapism the 
cavernous bodies are tumescent, not tender 
and not rigid. Depending on the time since 
trauma there may be ecchymosis of the penis 
or perineum. 


Laboratory testing 


Evaluation should include a CBC, WBC 
with blood cell differential, platelet count 
and coagulation profile to assess anemia, and 
to detect hematologic abnormalities. A sickle 
cell prep and haemoglobin electrophoresis 
should be requested. Other hematologic 
abnormalities may cause priapism and should 
be sought if etiology is unknown: leukaemia, 
platelet abnormalities, thalassemia. <A 
corporal blood gas by aspiration is 
recommended in the emergency evaluation 
of priapism. The corporal blood aspirate is 
essential to differentiate ischemic from non- 
ischemic priapism. 


e Duration of erection 


e Presence of pain 


e Previous episodes of priapism and method of treatment 


e Current erectile function, especially use of any erectogenic therapies prescription or nutritional 


supplements 


e Medications and recreational drugs 


e Sickle cell disease, hemoglobinopathies, hypercoagulable states 


e Trauma to the pelvic, perineum or penis 


Table 8.9: Key findings in priapism. 


Ischemic priapism 


Non ischemic priapism 


Corpora cavernosa fully rigid Usually Seldom 
Penile pain Usually Seldom 
Abnormal penile blood gas Usually Seldom 
Hematologic abnormalities Usually Seldom 
Recent intra-corporal injection Sometimes Sometimes 
Perineal trauma Seldom Usually 
Table 8.10: Typical blood gas values. 
Source PO2 (mmHg) PCO2 (mmHg) pH 
Normal arterial blood (room air) > 90 < 40 7.40 
Normal mixed venous blood (room air) 50 7.35 
Ischemic priapism (first corporal aspirate) < 30 > 60 < 7.25 
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Penile imaging 


Color duplex Doppler ultrasonography 
(CDU) of the penis and perineum is 
recommended in the evaluation of priapism. 
CDU is an adjunct to the corporal aspirate in 
differentiating ischemic from non-ischemic 
priapism. Patients with ischemic priapism will 
have no blood flow in the cavernous arteries; 
the return of the cavernous artery waveform 
will accompany successful detumescence. 
Patients with non-ischemic priapism have, 
normal to high blood flow velocities 
detectable in the cavernous arteries. CDU may 
also localize the site of trauma in high flow 
priapism. 


There are three possible roles for MRI to 
help in the assessment of priapism; the first 
would be in the imaging of a well established 
arteriolar- sinusoidal fistula. The second 
would be in ischemic priapism to demonstrate 
the presence and extent of tissue thrombus and 
corporal smooth muscle infarction. The third 
role for MRI would be in the imaging of 
corporal metastasis causing priapism. 


Medical treatments 
1. Ischemic priapism 


The recommended treatment of ischemic 
priapism is the decompression of the corpora 
cavernosa by corporal aspiration. Aspiration 
will immediately soften the erection and 
relieve pain. Aspiration alone may relieve 
priapism in 36% of cases. 


Aspiration followed by the 
intracavernous injection of sympathomimetic 
drugs is the standard of care in the medical 
treatment of ischemic priapism. 
Sympthomimetic pharmacotherapeutics 
(phenylephrine, etilefrine, ephedrine, 
epinephrine, norepinephrine, metaraminol) 
cause cavernous smooth muscle contraction. 


Significantly higher resolution of 
priapism followed sympathomimetic injection 
(43 to 81%) compared to aspiration. 
Phenylephrine should be concentrated as 
200mcg/mL in saline and be administered 
intermittently as 0.5mL to 1.0mL doses every 
5-10 minutes to a maximum dosage of 1 
mg(up to 10 separate injections of 0.5mL 
(100mcg) or 5 separate injections of 1mL 
(200mcg). Extremes of age and existing 
cardiovascular diseases should be taken into 
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consideration during intracavernous 
sympathomimetic dosing. Serial or continuous 
monitoring of blood pressure and pulse should 
be performed during and immediately 
following intracavernous injection of 
sympathomimetic drugs. Potential side-effects 
of intracavernous sympathomimetics include 
headache, dizziness, hypertension, reflex 
bradycardia, tachycardia, and irregular cardiac 
rhythms. 


2. Stuttering priapism 
a) Etilefrine 


Patients were given etilefrine (an alpha 
adrenergic agonist) in escalating dosages from 
25mg at bedtime to a maximum of 100mg 
each day. Stuttering episodes were reduced in 
frequency and duration in 72%. Oral alpha 
adrenergics at limited daily dosing should be 
considered in the management of stuttering 
priapism; drug therapy is typically initiated at 
bedtime. 


b) Hormonal therapies 


The primary action of systemic hormonal 
therapy in stuttering priapism is the 
suppression of the androgenic effects on 
penile erection by targeting the pituitary gland 


(GnRH agonists), suppressing pituitary 
function through feedback inhibition 
(diethylstilbestrol), blocking androgen 
receptors (antiandrogens) and reducing 
testicular and adrenal synthesis 


(ketoconazole). However, in more than 50% 
of patients recurrence occurred after treatment 
cessation. 


c) Baclofen 


Baclofen inhibits penile erection and 
ejaculation, through GABA receptor activity; 
oral nightly baclofen 40mg in recurrent 
priapism in patients with neurological lesions 
decreased erectile function which reversed 
upon cessation of baclofen. 


d) Phosphodiesterase type 5 inhibitors 


Daily sildenafil (25-50mg/day) or 
tadalafil (5-10mg/day) therapy reduces 
ischemic priapism episodes in men with 
stuttering priapism. When used in long-term 
dosing regimen unassociated with erection 
stimulatory conditions, PDES inhibitor therapy 
alleviates recurrent priapism episodes in men 
with sickle cell disease-associated priapism 


and idiopathic priapism without affecting 
normal erectile capacity. PDES inhibitors 
should be started under conditions of complete 
penile flaccidity, not during a stuttering 
episode. Efficacy is seen after a week or more 
of dosing. 


Surgical management of ischemic priapism 


Surgical management of ischemic 
priapism is indicated after repeated penile 
aspirations and injections of sympathomimetic 
injections have failed or if such an attempt has 
resulted in significant cardiovascular side 
effects. The international consultation 2004 
recommended corporal aspiration and alpha- 
adrenergic agonists for at least one hour prior 
to surgery. Early surgical intervention is ideal 
in patients with malignant or poorly controlled 
hypertension or for men who are using 
monoamine oxidase inhibitor medications that 
have contraindications to alpha agonist 
administration. 


Shunting 


Shunting is to be considered for priapism 
events lasting < 72 hours. The longer an 
episode of ischemic priapism lasts the greater 
the likelihood of compromised erectile 
function will be in the future. In those patients 
where priapism was reversed, spontaneous 
erections (with or without use of sildenafil) 
were reported in 100% of men with priapism 
reversed < 12 hours; 78% reversed by 12-24 
hours; 44% reversed by 24-36 hours. No 
patient reported spontaneous erections after 
priapism duration of > 36 hours. 


The objective of shunt surgery is 
oxygenation of the corpus cavernosal smooth 
muscle. The technical goal of shunting in 
ischemic priapism is to re-establish outflow 
from the cavernous bodies by creating a 
communication to the glans, or corpus 
spongiosum or directly to a vein. Shunt 
procedures are subdivided into 4 groups: 


e Percutaneous distal shunts. 
e Open distal shunt. 
e Open proximal shunt. 


e Saphenous vein, superficial or deep dorsal 
vein. 


One of the factors involved in the success 
of shunts is shunt patency. Open shunt 
procedures, are likely to result in higher shunt 
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patency. In cases where a distal shunt fails, a 
proximal shunt is indicated. This decision to 
proceed more aggressively (open distal 
shunting, proximal shunt or a vein shunt) may 
be made in the operating room after the 
completion of the initial percutaneous shunt, if 
oxygenated blood is not present within the 
corporal bodies, intracavernous pressures do 
not fall, the penis does fail to detumescence 
and refill with compression, or color Doppler 
ultrasound shows no cavernous artery inflow. 


Shunt outcome should be immediately 
assessed by: 
e Visualization of bright red blood in 


corporal aspirate 
e A corporal blood gas 
e Color Doppler ultrasound 
e Measurement of intra-cavernosal pressure 


e Penile compression maneuver (squeeze and 
release) 


The most commonly performed proximal 
shunt is the unilateral shunt, described by 
Quackles in 1964. Proximal corpus 
cavernosum to spongiosum (CC-CS) shunt 
procedures require a trans-scrotal or perineal 
approach. In cases where proximal shunt fails, 
some have advocated performing a saphenous 
vein bypass or deep dorsal vein procedure. A 
wedge of tunica albuginea is removed and the 
vein is anastomosed end to side of CC. 


Immediate implantation of penile prosthesis 


The natural history of untreated ischemic 
priapism or priapism refractory to 
interventions is severe fibrosis, penile length 
loss and erectile dysfunction. The advantages 
of early penile implantation are preservation 
of penile length, and technically easier implant 
insertion. Unsuccessful shunts patients had 
evidence of cavernous smooth muscle necrosis 
on MRI and underwent insertion of penile 
prosthesis in the acute setting of refractory 
ischemic priapism. 


Interventional angiography in the 
management of arterial (non-ischemic, 
high-flow) priapism 


Non-ischemic priapism is not an 
emergency and spontaneous resolution may 
result, without any significant adverse effects 
on erectile function. Observation is primarily 
recommended for this type of priapism. 


Conservative measures include: ice applied to 
the perineum and site-specific compression. 
Cavernous aspiration and _ intracavernous 
sympathomimetics have no role in the 
treatment of non-ischemic priapism. 


Patients demanding immediate relief can 
be offered selective arterial embolization. The 
pathognomonic arteriographic finding is an 
arterial-lacunar fistula: a characteristic intra- 
cavernosal cone-shaped blush of contrast is 
seen at the site of the cavernous artery or 
arteriole laceration. Permanent (e.g. coils, 
acrylic glue) and temporary (e.g. autologous 
clot) embolization techniques have been 
described. The success rate of treatment is 
quite high, 89%. However, a single treatment 
of embolization carries a recurrence rate of 30- 
40%. The most notable side-effect of arterial 
embolization is erectile dysfunction, ranging 
between 15 and 20%. 


Surgical management of arterial (non- 
ischemic, high-flow) priapism 


Arterial priapism is not a_ urologic 
emergency. Non-ischemic priapism is 
painless, there have been reports of partial 
erection persisting for years. In cases of long- 
standing arterial priapism where a 
pseudocapsule around the fistula has 
developed, surgical ligation has been reported 
to be successful. Formation of a 
pseudocapsule may take weeks to months 
following trauma. Currently this intervention 
is reserved for patients who are poor 
candidates for angio-embolization or when 
angio-embolization has failed. 


Table 8.11: Causes of hemosper mia. 


Hemospermia 
Etiology 


The presence of blood in the ejaculate 
(hemospermia) is very frightening to the 
patient. He may imagine he has either a 
malignancy or a venereal disease and may 
anticipate the rapid deterioration of his sexual 
function. Fortunately, hemospermia is almost 
always benign in nature and is usually of brief 
duration. 


The causes of hemospermia are 
presented in table 8.11. After complete 
urologic evaluation more than 70% of 
patients prove to have an_ idiopathic 
etiology. The majority of other patients prove 
to have a prostatic and/or seminal vesicular 
disease and most of these have congestive or 
infective, especially bilharzial, seminal 
vesiculitis. Although chronic prostatitis may 
cause hemospermia, most of men with 
chronic prostatitis do not develop 
hemospermia. Although hemospermia may 
be due to a genitourinary cause in some cases 
(prostatovesiculitis, stones, neoplasia), the 
majority of men with these genitourinary 
diseases do not develop hemospermia. Some 
authors found that hemospermia was a very 
rare symptoms in a large series of patients 
with genitourinary tuberculosis. In 29 
patients with carcinoma of the seminal 
vesicle, only one presented with 
hemospermia and of 46 patients with 
sarcomas of the urogenital system, only one 
had hemospermia. 


Idiopathic hemospermia: approximately 70% of cases 


Diseases of the prostate and seminal vesicles: approximately 30% of cases 


Prostate-vesicular congestion 
Inflammations 


Non-specific: chronic bacterial prostatitis, chronic nonbacterial prostatitis 
Specific: bilharziasis, trichomoniasis, tuberculosis, gonorrhea 


Neoplasia 
Cancer prostate, carcinoma of seminal vesicles 

Senile prostate 
Prostatic calculi 
Cysts of the seminal vesicles 

Other rare causes 
Blood diseases: purpura, leukemias, anticoagulants 
Hypertension 
Cirrhosis of liver with portal hypertension 
Papilloma or cyst of the veromontanum 
Abnormal posterior urethral vessels 
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Bilharziasis is a rather commonly 
identifiable cause of hemospermia in endemic 
countries. Ova of schistosoma haematobium 
may be demonstrated in semen. Rare causes of 
hemospermia include genitourinary 
tuberculosis, prostatic carcinoma, carcinoma 
of the seminal vesicles, abnormal posterior 
urethral veins in the area adjacent to the 
veromontanum, hypertension, and liver 
cirrhosis with portal hypertension. 


Clinical picture 


The condition usually affects men in 
their 40s; it appears only occasionally in the 
50s and rarely in the 30s. The color of semen 
may vary from black, brown, rust to red, 
depending on the duration of time since 
bleeding occurred into the seminal tract. 
Usually there is no pain, decrease in libido 
nor urinary symptoms. Hemospermia can 
have a short duration, or be persistent over 
several months, recurrent for several years, 
or occurs as an isolated incident. 
Hemospermia should be differentiated from 
the other cause of dark brown semen which 
is melanospermia which results from unusual 
presentation of malignant melanoma and is 
very rare. 


Diagnosis 
Clinical examination 


Digital examination of the prostate and 
seminal vesicles is essential. The testes, 
epididymides, and vasa are also examined. 
The seminal vesicles are palpable in cases of 
seminal vesiculitis, tuberculosis (also 
epididymal nodularity), and carcinoma (very 
rare). When distended with retained 
secretions, the seminal vesicles consistency 
may be boggy or almost fluctuant and they 
can be palpated easily. If carcinomatous 
extension from the prostate is present, the 
vesicles will be stony hard. In tuberculosis, 
the vesicles may be indurated and nodular. 
Calcification is pathognomonic of diabetes 
mellitus. 


Laboratory investigations 


Urine analysis: To rule out haematuria, pyuria 
and bilharziasis. If persistent pyuria is present, 
acid fast smear and culture are done to 
investigate the possibility of genitourinary 
tuberculosis. 
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Semen examination: For RBCS, pus cells, 
bilharzial ova, and trichomonas. 


Semen culture: For chronic bacterial prostato- 
vesiculitis. 


Plain x-ray urinary tract: For prostatic calculi. 


Excretory urography: Only those patients with 
a clear suggestion and suspicion of 
genitourinary tuberculosis, renal calculus 
disease, or associated with haematuria should 
be subjected to urography. 


Blood examination: For prostate specific 
antigen (PSA), bleeding diathesis, and liver 
function tests. 


Transrectal ultrasonography (TRUS): For 
evaluation of the seminal vesicles, prostate, 
and ejaculatory ducts (inflammation, tumors, 
cysts). 


Urethroscopy: For condyloma, 
neoplasm, foreign bodies, stones. 


polyps, 


Treatment: 


The most important step in treatment of 
hemospermia is reassurance of the patient that 
the condition is not due to malignancy nor a 
sexually-transmitted disease, and that it will 
not affect his sexual functioning. Meanwhile, 
investigations are done to rule out a possible 
etiologic factor which, if present, is treated 
accordingly. Some authors prescribe 
diethylstilboestrol 5mg daily for one week, as 
the only treatment, on the premise that 
hypertrophy of the mucosa of the seminal 
vesicles is thereby decreased. In areas endemic 
with bilharziasis, antibilharzial treatment is 
highly recommended since bilharziasis is a 
common cause of seminal vesiculitis and 
hemospermia. 


Testicular torsion 
Types of torsion 
Intravaginal torsion 


Intravaginal torsion is by far the most 
common type of torsion. The testis usually 
undergoes torsion on the last few centimeters 
of the spermatic cord within the tunica 
vaginalis. 


Extravaginal torsion 


Extravaginal torsion is rare and occurs in 
neonates because fixation of the testis to the 


scrotal wall occurs between 7 and 10 days 
after birth. 


Spontaneous detorsion 


Spontaneous detorsion may occur in 
10% of cases, probably due to cessation of 
the cremasteric spasm that maintains the 
torsion. 


Intermittent torsion 


Intermittent subacute torsion accounted 
for 23% of all cases. 


Torsion of appendages 


The appendix testis, a Müllerian duct 
remnant located at the superior pole of the 
testis, is the most common appendage to 
undergo torsion. It is mostly restricted to the 
age of puberty and is usually preceded by 
vigorous activity or trauma. 


Aetiology and pathogenesis 


The prerequisites for intravaginal torsion 
include an anatomical predisposition for 
torsion (bell-clapper deformity or long 
mesorchium) and an initiating force 
(cremasteric spasm). 


Testicular torsion is ten times more likely 
in patients with undescended testes. 


The most commonly accepted causes of 
neonatal (extravaginal) torsion are the 
extreme mobility of the neonatal tunica 
vaginalis inside the scrotum, and an active 
cremasteric reflex. 


Torsion occurs with internal rotation 
(double thumbs down) in 71% to 100% of 
cases. The degree of rotation varies from 180° 
to 1440°. 


When the spermatic cord is twisted, the 
veins in the cord are quickly obstructed due 
to their thin walls. Because of the tough 
connective tissue surrounding the spermatic 
cord, the swollen veins can produce 
sufficient pressure to shut off arterial flow, 
even if the twist itself has failed to occlude 
the artery. Initially this leads to oedema and 
congestion of the affected testis, which is 
followed by haemorrhage and infarction. 
Arterial occlusion probably occurs with 
multiple twists, whereas arteriolar stasis 
develops secondary to venous occlusion with 
lesser twists. 


[66] 


Epidemiology 

Testicular torsion is the most common 
pediatric genitourinary emergency and 
probably the second most common surgical 
emergency in the adolescent age group after 
acute appendicitis. Studies based on 
emergency department patient populations 
demonstrate that testicular torsion represents 
one-fourth of all cases presenting with acute 
scrotal pain. 


There is a slight preponderance for the 
left side, with a ratio of 1.2:1, probably due to 
the slightly longer spermatic cord on the left. 
Testicular torsion can occur at any age, but the 
peak incidence is at age 14, with a second 
smaller peak in the 1“ year of life. 10% of all 
torsions may occur in the neonatal period. The 
term “vanishing testis” refers to testes that 
have become atrophic, presumably due to 
missed pre-or perinatal testicular torsion. 
Testicular remnants are present in the inguinal 
canal in 95%. 

Clinical features 
History 

Testicular torsion is most common in 
neonates and postpubertal boys, torsion of a 
testicular appendage typically occurs in 
prepubertal boys, and epididymitis most often 
develops in postpubertal boys. 


Pain is usually of acute onset. The pain is 
severe. Moderate pain developing gradually 
over a few days is more suggestive of 
epididymitis or appendiceal torsion. 

Patients with torsion of the testis more 
often have nausea or vomiting at the onset of 
pain, while this is uncommon in torsion of the 
appendages. 


Between 11% and 47% of patients with 
torsion describe previous episodes of similar 
pain that lasted only a short time and resolved 
spontaneously, suggesting intermittent torsion 
with spontaneous detorsion. 


Physical examination 
Cremasteric reflex 


This is a superficial skin reflex mediated 
by the L1-L2 (ilioinguinal and genitofemoral) 
nerve roots. It is elicited by stroking the 
medial upper thigh, and a positive reflex 
results in elevation of the ipsilateral testis. The 
cremasteric reflex is absent in 40% to 100% of 
patients with testicular torsion, but is usually 


present in patients with torsion of a testicular 
appendix. 


Drawn up or high-riding testis 


A drawn up testis is present in 26% to 
80% of cases of testicular torsion. 


Contralateral horizontal lie (Angell’s sign) 


Between 25% and 90% of patients with 
torsion will have an abnormal lie of the 
contralateral testis (horizontal lie). 


Scrotal induration 


Overlying erythema and oedema are poor 
prognostic signs of viability and are associated 
with longer duration of torsion (> 12h). This 
sign is present in 70% of patients with an 
infarcted testis. 


Torsion of an appendage 


Tenderness limited to the upper pole 
suggests torsion of testicular appendage, 
especially when a hard, tender nodule is 
palpable in this region. A small bluish 
discolouration may be visible through the skin 
in the upper pole. It is virtually 
pathognomonic for appendiceal torsion when 
tenderness is also present. 


Clinical diagnosis 


The presence of any of the following 
findings strongly suggests testicular torsion. 


1. An abnormal elevation of the affected testis 
with thickening of or a palpable twist in the 
spermatic cord (the high-riding testis). 


2. An abnormal axis (horizontal lie) of the 
affected testis when the patient is examined in 
the standing position. 


3. An abnormal position of the epididymis 
(anterior or lateral, instead of posterior to the 
testis). 


4. An abnormal axis (horizontal lie) of the 
contralateral testis. 


Imaging studies 
Colour Doppler ultrasound 


Colour Doppler ultrasound is currently 
the modality of choice in equivocal cases. It 
provides anatomical information that may help 
distinguish other conditions that mimic testis 
torsion. Poor prognostic signs of viability 
include an enlarged, hypo-echoic or 
heterogenous testis. 
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Magnetic resonance imaging 


Magnetic resonance imaging (MRI) can 
clearly differentiate intratesticular (torsion, 
tumour, infarction) and _— extratesticular 
(epididymitis, appendix torsion) pathology. 


Differential diagnosis 


In 94% of cases presenting with acute 
scrotum, the cause would be torsion of the 
testis or its appendages or acute epididymitis. 
Although testicular torsion is the least 
common cause of the three, it should be the 
presumptive diagnosis until proven otherwise. 
In the 1“ year of life, torsion of the testis is the 
most common cause of an acute scrotum. For 
3 to 13 year olds, the most common diagnosis 
is torsion of the testicular appendage. After the 
age of 17 years, epididymitis is the most 
common diagnosis. 


Other conditions that should be included 
in the differential diagnosis of the acute 
scrotum include orchitis, scrotal trauma, 
scrotal abscess, inguinal hernia, Henoch 
Schénlein purpura, familial Mediterranean 
fever, testis tumour and acute appendicitis. 


Treatment 
Manual detorsion 


Because testicular torsion is usually by 
internal rotation, manual detorsion should first 
be attempted in external rotation — like 
opening a book. Immediate pain relief will 
signify proper untwisting. If manual detorsion 
fails in external rotation then internal rotation 
should be attempted. The procedure is 
successful in over 80% of attempts. Manual 
detorsion is probably possible in early cases 
only. In successful detorsions, the duration 
was less than 12h. 


External cooling 


This is accomplished by placing an ice 
pack on the affected testis. Cooling has been 
shown to preserve testicular function by 85% 
to 90% for up to 6h compared to 8% to 25% in 
those not cooled. In some centers, cooling is 
routinely used in the emergency department 
prior to surgical exploration. 


Orchiectomy 


When the torsed testis is obviously 
necrotic, it should be removed while the 
contralateral testis is fixed. If the testis fails to 


regain any pink colour after detorsion and if 
only black blood oozes from an incision in the 
tunica albuginea, and if the symptoms were 
present for more than 24h, an orchiectomy is 
indicated. If the testis regains some mottled 
colour with red bleeding from an incision in 
the tunica albuginea and if the symptoms were 
present for less than 24h, the testis should 
probably be preserved. 


Orchiopexy 


The techniques recommended for fixation 
of the testis include: 


1. Suture fixation with three non-absorbable 
sutures, preferably nylon. 


2. Eversion of tunica vaginalis with dartos 
pouch, with or without suture fixation. 


3. Window operation. 


Non-absorbable sutures cause very little 
fibrosis, but their permanent nature sustains 
fixation. 


Eversion of the tunica vaginalis with 
dartos pouch fixation produces adequate 
adhesion of the testis to the surrounding 
tissues. The window orchiopexy is an 
excellent combination of suture fixation and 
eversion. It is fast and easy to perform and 
leaves a broad area of the tunica albuginea 
exposed for adhesion to take place with 
additional non-absorbable suture fixation. 


Extravaginal torsion 


All cases of postnatal torsion should be 
operated on immediately. All patients with a 
solitary testis, and those with bilateral torsion 
should also be explored immediately in an 
attempt to preserve hormonal function. 
Prophylactic orchiopexy should be performed 
in all such cases. 


Torsion of appendages 


If the diagnosis is certain, management 
entails several days of bed rest and scrotal 
elevation in an effort to minimize 
inflammation and oedema. Normal activity 
may both worsen and prolong the symptoms. 
Non-steroidal anti-inflammatory drugs and 
analgesics are generally not helpful. The 
inflammation usually resolves within 2-7 days. 
In spite of conservative measures, 13% need 
surgery for persistent or recurrent pain. If a 
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twisted appendage is found at exploration it 
can usually simply be excised without ligation. 


Prognosis 


The two most important factors 
determining testicular damage are the time 
from onset of symptoms to reduction of 
torsion and the degree of twisting of the cord. 
When the duration of torsion exceeds 4h, 
some degree of testicular atrophy is almost 
inevitable. Cases with torsion of more than 
360° and symptoms lasting more than 24h had 
an absent or severely atrophic testis at follow- 
up. 

Sub-fertility, defined as sperm count of 
less than 20 million sperm per milliliter, is 
found in 36% to 39% of patients after torsion. 


Contralateral testis biopsies are abnormal 
in 57-88% of cases after unilateral torsion. 
The contralateral testis also deteriorates if an 
ipsilateral testis is damaged by various causes, 
including incarcerated inguinal hernia, 
undescended testis, varicocele, torsion, vas 
deferens obstruction and tumour. They all 
probably share a similar pathway. 


Testicular pain 
Aetiology and pathogenesis 
Acute testicular pain 


Acute testicular pain can be caused by a 
variety of conditions affecting the testicle. 
Perhaps the commonest cause of pain is 
epididymo-orchitis. Other causes are torsion, 
bleeding into a testicular tumour or bleeding 
into hydroceles, epididymal cysts, and 
spermatoceles. 


Neuropathic testicular pain 


Less commonly, testicular pain may arise 
from neurological injury (neuropathic pain). 
Testicular pain of neuropathic origin may be 
the result of: 


e Entrapment neuropathies due to: 


o Inguinal hernia 
genitofemoral nerve). 


— (ilio-inguinal or 


o Aneurysmal dilatation of the common 
iliac artery (genito-femoral nerve). 


o Retroperitoneal fibrosis — testicular pain in 
this situation is usually associated with 
abdominal or low back pain. 


o Spinal or sacral pathology — e.g. due to a 
prolapsed intervertebral disc. 


e Local nerve damage may follow local 
surgical procedures, including: 


o Vasectomy. 
o Hernia repair. 


e Generalized neuropathic conditions such as 
diabetes, alcoholic neuropathy or 
polyarteritis nodosa. 


e Referred pain-occasionally testicular pain 
may be referred from the hip or ureter. 


Diagnosis 


The diagnosis of testicular pain is usually 
made on the basis of careful history and 
examination, together with basic urological 
investigation to reveal the causes. Testicular 
pain may be: 


e Unilateral or bilateral. 
e Intermittent or constant. 


e Focal or radiating — for example to the 
groin, abdomen, pelvis, perineum, legs, or 
back. 


Usually there is no interference with 
sexual function, but pain post-vasectomy is 
often more marked after intercourse. 
Testicular pain associated with infection is 
usually associated with urinary symptoms 
such as frequency or urgency or those of 
sexually transmitted diseases such as urethral 
discharge. 


Look for evidence of varicocele and 
hernia and size and tenderness of the testicles. 
Ultrasound of the testis is essential in acute 
presentations and usually worthwhile also in 
the chronic situation. Many men with chronic 
pain are worried about malignancy and a 
negative ultrasound scan enables the clinician 
to give reassurance with authority. The scan 
may also give diagnostic information such as 
the presence of a thickened epididymis with a 
sperm granuloma. 


Differential diagnosis 


The most important differential 
diagnosis of acute testicular pain is between 
torsion and epididymo-orchitis. 


Differential diagnosis of chronic testicular 
pain depends on the andrologist realizing all 
the causes. 
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Treatment 


For established neuropathic pain, oral 
medication with amitriptyline and gabapentin 
may help. Local nerve blockade may provide a 
temporary window of relief during which to 
initiate other treatments. 


Surgical intervention is likely to work 
best for conditions where there is clear 
evidence of a surgically remediable cause, 
such as primary pathology in the testis or 
scrotum, or clear evidence of actual nerve 
entrapment, which is likely to be relived by 
decompression. 


Operations that can be considered 
include: 
e Epididymectomy in cases of post- 


vasectomy chronic pain. 


e Varicocele ligation when there is left-sided 
orchalgia. 


e Microsurgical division of nerves in the 
cord to the testicle when the pain seems to 
be confined to the testicle. 


e Orchiectomy is not uncommonly used 
when all else fails. 


Penile fracture 
Introduction 


Penile fracture is defined as he traumatic 
rupture of the tunica albuginea. It usually 
occurs during sexual intercourse when the 
erect penis is thrusted against the partner’s 
symphysis pubis or perineum. Other causes, 
particularly in Middle Eastern countries, 
include masturbation and compression of a 
nocturnal erection. The site of the fracture 
usually occurs laterally or ventrally, in the 
mid to lower shaft, where the outer and inner 
fibres of the tunica are less prominent. These 
areas thin to 0.25mm on expansion and with 
the high intra-corporal pressure during forced 
straining are liable to rupture. 


Presentation 


The classical presentation includes a 
cracking sound at the moment of injury, a 
sharp pain, detumescence, swelling and 
ecchymosis. It is important to remember that a 
concomitant urethral injury, partial or 
complete, my occur in 2% - 20% of patients. 


Investigation 

Imaging is useful to confirm the diagnosis 
of a tunical or urethral injury and to possibly 
exclude alternative diagnoses such as a 
ruptured dorsal vein or suspensory ligament 
injury which could be managed, 
conservatively. Cavernosography has been 
shown to be reliable in the diagnosis of penile 
fracture with 100% accuracy. Doppler 
ultrasound can be useful but is operator 
dependant. MRI scanning is likely to be more 
accurate but may not be available in all units. 

A urethral injury should be suspected in 
all cases particularly if there has been urethral 
bleeding or that a ventral tear has been 
diagnosed. Retrograde urethrography may be 
used pre-operatively to diagnose this, but may 
become unnecessary if a surgical exploration 
is to be performed. In this situation the urethra 
can be directly inspected at the fracture site 
with or without an on-table urethrogram with 
methylene blue or betadine. 
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Treatment 


Conservative management of a penile 
fracture with catheterization, compression 
dressings, analgesia, antibiotics and erection- 
inhibiting agents should be avoided. 
Complications including painful erection, 
penile deformity, arterial-venous fistulae, 
hematomas, abscess formation and erectile 
dysfunction due to venous leakage may occur 
in over 30% of patients. 


Once diagnosed, surgical exploration is 
widely accepted as the gold standard 
therapeutic option in men presenting with 
penile fracture even in the event of a delayed 
presentation (48 hours after injury). Even 
after surgical repair long term erectile 
dysfunction may be present in 17% of 
patients. The haematoma is evacuated and 
the tunical tear repaired. 


Section 2: Effect of disease on male sex 


Chapter 9: Sex and endocrinal disorders 


Testosterone 
Introduction 
Hormone and metabolic disorders 


feature strongly in male sexual function and 
dysfunction. This chapter will discuss the 
direct implications of androgens in the areas 
of sexual desire and erectile function. 
Androgens are also implicated indirectly in 
sexual disorders through other metabolic 
derangements, such as obesity, insulin 
resistance, and the metabolic syndrome. 
Diabetes mellitus is a hormonal disorder that 
illustrates many hormonal and metabolic 
factors that may cause sexual dysfunction, 
such as hypertension, hyperlipidemia, 
obesity, and insulin resistance. Thyroid and 
adrenal disorders have a role in the etiology 
of sexual dysfunction. The pituitary 
hormone - prolactin — when in excess, has a 
number of effects on sexual desire, erectile 
function, and androgen secretion. 


Levels of T are expressed either in pmol 
or nmol/L or in pg or ng/mL (1000pg or 
pmol respectively Ing or nmol). The 
conversion factors are nmol/L or pmol/L x 
0.2884 = respectively ngmL or pg/mL, and 


ng/ml or pg/ml x 3.467 = respectively 
nmol/L or pmol/L. 
Hypogonadism in men is deficient 


function of the testes. In this chapter its 
reproductive aspects will not be considered. 
This term will be used in the sense of 
deficiency of the testicular secretion of 
androgens mainly needed for virilization, 
anabolic effects, and expression of male 
sexual behavior. If the cause of 
hypogonadism lies in the testis itself, this is 
referred to as primary or hypergonadotropic 
hypogonadism. Hypothalamic or pituitary 
disorders of testicular dysfunction are 
grouped together under the term secondary 
or hypogonadotropic hypogonadism. 


Late onset hypogonadism (LOH) is the 
term recommended by the International 
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Society for the Study of the Aging Male 
ASSAM), the International Society of 
Andrology (ISA), and the European 
Association of Urology (EAU), to replace 
the previous terminology of andropause, 
androgen deficiency of the aging male 
(ADAM), and partial androgen deficiency of 
the aging male (PADAM). It is a clinical and 
biochemical syndrome associated with 
advancing age and is characterized by 
typical symptoms and a deficiency in serum 
T levels. It may result in significant 
detriment in the quality of life and adversely 
affect the function of multiple organ 
systems. 


Physiology 
Mechanism of action and conversions 


The testis has a dual function: 
spermatogenesis and the production of T. the 
latter takes places in the Leydig cells. The 
daily production of T in adulthood is about 
5-7mg. T diffuses passively into cells of the 
target organs of androgens. To exert biologic 
action, it must bind to the androgen receptor, 
though there are also a number of biologic 
actions of T that do not require receptor 
activation. For some of its biologic actions T 
is a prohormone. After diffusion into the 
cell, T may be converted to 5 a 
dihydrotestosterone (DHT) or estradiol. 
There are two types of a a-reductase 
enzyme that convert T to DHT. 5 œa 
reductase type 1 is predominantly located in 
skin, liver and brain whereas 5 a reductase 
type 2 is almost exclusively distributed in 
the classical androgen-dependent organs 
such as prostate, seminal vesicles, and 
testicles. DHT and T bind to the same 
androgen receptor, although DHT has an 
approximately tenfold greater affinity for the 
receptor and its dissociation is slower, 
resulting in a considerably higher 
biopotency than T. the conversion of T to 
DHT can be viewed as an androgen 
amplification mechanism in organs that 


require a strong androgen action, such as the 
prostate. About 80% of DHT is produced in 
peripheral tissues and the remaining 20% is 
secreted directly by the testis. Furthermore, 
approximately 30-40ug of estradiol is 
produced by the adult male, mainly in 
peripheral tissues, such as adipose tissue, 
bone, prostate, and brain. Insight into the 
biologic actions of estradiol in the male is 
rather recent. Estrogens have an important 
effect on he final phases of skeletal 
maturation and bone mineralization in 
puberty. Impaired estrogen action in men 
leads to dyslipidaemia and to endothelial 
dysfunction. Estrogen deficiency as a 
clinical entity is sporadic in men. Since T is 
a precursor molecule for estradiol, it is 
usually associated with (severe) androgen 
deficiency. 


Transport 


Testosterone is a lipophilic molecule 
and its solubility in blood is limited. Only + 
2% of circulating T is free, non-bound to 
transport proteins, able to diffuse into cells, 
and immediately available for biologic 
action. Approximately 60% of circulating T 
is bound with high affinity to sex hormone 
binding globulin (SHBG), and + 38% is 
loosely bound and transported by albumin. 
The free fraction of T (FT, +2%) and the 
albumin-bound fraction (+38%) have been 
termed bioavailable testosterone (BT), since 
these two fraction are readily available for 
biologic action. Testosterone has a high 
affinity with SHBG and changes in 
concentrations of circulating SHBG impact 
on the bioavailability of T. SHBG is 
produced by the liver and a number of 
conditions and hormones influence its 
production (Table 9.1). 


Secretion 


T secretion follows a daily rhythm with 
highest T levels in the early morning hours, 
gradually declining to reach the lowest 
levels in the early evening. The biologic 
significance of this diurnal rhythm has not 
been established, and dissipates with aging. 
It is usually recommended to measure T in 
the early morning hours to avoid an 
erroneous diagnosis of hypogonadism, on 
the basis of the physiologically lower T 
levels in the afternoon. 


The secretion of T from the Leydig cell 
is stimulated by the pituitary hormone, 
luteinizing hormone (LH). Human chorionic 
gonadotropin (hCG) is chemically largely 
identical with LH and is capable of 
stimulating T production. Follicle 
stimulating hormone (FSH) binds to the 
Sertoli cells and promotes spermatogenesis. 
The pituitary production of LH and FSH, in 
turn, is regulated by the hormone, 
luteinizing hormone releasing hormone 
(LHRH), also called gonadotropin-releasing 
hormone (GnRH), produced in the arcuate 
nucleus and the preoptic area of the 
hypothalamus under the stimulating and 
inhibitory influence of local neuro- 
transmitters. LHRH is secreted in regular 
pulses, with peaks in adulthood every 90- 
120 minutes, due to the intrinsic capacity of 
LHRH neurons to secrete episodically. The 
pulsatility of LHRH is essential to its 
gonadotropin-releasing effect. Continuous 
stimulation of the pituitary by LHRH leads 
to desensitization and to a cessation of LH 
and FSH release. The hypothalamus is 
connected with the anterior pituitary through 
a portal system through which LHRH 
reaches the pituitary. 


Table 9.1: Factors which increase and decrease SHBG in men (and hence respectively decrease and 
increase the bioavailable fractions of testosterone). 


Increase SHBG and decrease BT and FT 


Decrease SHBG and increase BT and FT 


Male aging 
Hyperthyroidism 
Estrogens 

Cirrhosis 
Anti-epileptic drugs 
Tamoxifen 


Obesity 

Hypothyroidism 

Androgens 

Insulin resistance, hyperinsulinism 
Hyperprolactinemia 

Acromegaly 

Hypercortisolism 


[72] 


Feedback control 


Testicular hormones exert a negative 
feedback control on the secretion of LH 
and FSH. Testosterone itself and also 
estradiol and DHT are involved in the 
negative feedback action, which is exerted 
both at the level of the hypothalamus 
(reducing LHRH pulse frequency and 
amplitude), and at the level of the pituitary 
by reducing production and release of LH 
and FSH. 


Aging 


With aging the production of T 
declines and its bioavailability is reduced. 
These are results of age-related changes at 
all levels of the hypothalamic-pituitary- 
testicular axis. Testosterone production is 
less efficient in old age, with a lower 
response to stimulation with LH or hCG. 
The pulsatile secretion of LHRH is 
attenuated and more disordered so that 
stimulation of the pituitary to produce LH 
is less efficient. Also the synchrony 
between an LH pulse and a T pulse is 
weakened in elderly men. Aging not only 
affects androgen production but also its 
bioavailability. The levels of the T-binding 
protein, SHBG, commonly rise with aging. 
The rise in SHBG is associated with lower 
FT levels. 


Many of the changes associated with 
aging, such as loss of bone and muscle 
mass, increased fat mass, and deterioration 
of physical, cognitive, and sexual 
capacities, are similar to the symptoms of 
classical hypogonadism in younger men. 
The decline in circulating T is not 
universal in elderly men and is of a lesser 
magnitude than in classical hypogonadism. 
To explain the androgen deficiency-like 
symptoms in aging in the presence of 
relatively mildly reduced T levels, it has 
been hypothesized that the efficacy of 
androgen action at the level of receptor and 
post-receptor mechanisms is diminished in 
old age compared to younger age. 


Etiology of male hypogonadism 
This is illustrated in table 9.2. 
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Clinical picture of hypogonadism 


The clinical picture of androgen 
deficiency is dependent on the age at which 
this deficiency appears, and on its extent. 
Prenatally, depending on the phase of 
development, it may result in intersexuality, 
or in abnormal positioning of the testes and 
an abnormally small penis (micropenis). 
Congenital penile deviations may also be the 
result of a temporary T deficiency or 
androgen insensitivity during fetal 
development. Between birth and puberty 
androgen production is minimal and 
hypogonadism will not manifest itself. 
Hypogonadism at the normal time of 
puberty will result in a typical syndrome of 
eunuchoidism. Epiphyseal cartilage does not 
stop growing, so the long bones continue to 
grow, resulting in a ratio of upper to lower 
body < 1, and arms extending beyond the 
torso by over 5cm. Voice does not deepen, 
and hair development remains of the 
feminine type: horizontal pubic hair line, no 
facial hair, no body hair. Fat distribution is 
also of the female type, with pronounced 
hips. The penis and testes remain child-like, 
the scrotum is only slightly wrinkled and not 
very pigmented, and the prostate is small. 
Libido and potency do not develop. 
Spermatogenesis is not initiated, resulting in 
aspermia and infertility. 


After puberty, the clinical picture may 
vary considerably according to the time 
elapsed since puberty and the degree of the 
androgen deficiency. Body proportions, size 
of penis, and pitch of voice do not change. 
Body and facial hair may decrease. The 
main clinical signs are reduced sexual desire 
and potency, and infertility. Size and 
consistency of testes vary from normal to 
significantly reduced. Long-term androgen 
deficiency usually causes atrophy of muscle 
mass, osteoporosis, loss of strength and 
energy, normochromic and  normocytic 
anemia, fatigue, and mood disturbances. 


Role of hypogonadism in sexual dysfunctions 
Erectile dysfunction (ED) 


Serum T is more often lower than 
normal in ED. It was below 3ng/mL in 12% 
of 7000 Ed patients. 


Table 9.2: Etiology of male hypogonadism. 


1) Decreased testosterone production 
a) Hypothalamic disease (secondary hypogonadism): 
(J gonadotrophins, J testosterone) 
- Congenital 
I) Kallmann syndrome 
II) GnRH gene deletion 
MI) Leptin and Leptin receptor mutation 
IV) Prader-Willi syndrome 
V) Laurence-moon syndrome 
- Acquired 
I) Hypothalamic tumors 
- Germinomas and other germ tumors 
- Gliomas 
- Astrocytomas 
- Craniopharyngiomas 
- Meningiomas 
- Metastases 
II) Infiltrative and infective disorders 
- Langerhans’ histiocytosis 
- Sarcoidosis and tuberculosis, syphilis 
- Encephalitis 
IID) Head trauma 
IV) Idiopathic 
V) Functional disorders 


- Hyperprolactinemia (prolactinoma, hypothyroidism, antidopaminergic and 
serotoninergic drug-induced, opiates-induced) 


- Nutritional 
- Critical illness 
- Diabetes Mellitus 
- Metabolic syndrome 
- Cushing disease 
VI) Drugs 
- Estrogens 
- Anabolic steroids 
- Progestogens (including cyproterone acetate) 
b) Pituitary diseases (secondary hypogonadism): 
(J gonadotrophins, J testosterone) 
- Congenital 
I) Multiple hormone deficiency 
II) GnRH mutations 
IN) FSHB and LHB mutations 
IV) Pituitary aplasia or hypoplasia 
V) Hemochromatosis 
- Acquired 


I) Pituitary tumors 
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- Functional and non-functional adenomas 
- Craniopharyngiomas 
- Metastases 
- Hematologic malignancy 
II) Infiltrative 
- Primary hypophysitis 
- Sarcoidosis and tuberculosis, syphilis 
- Fungal, parasites, viral 
IID) Head trauma 
IV) Empty sella 
V) Vascular 
VI) Drugs 
- GnRH analogs (agonists and antagonists) 
- Estrogens 
- Anabolic steroids 
- Progestogens (including cyproterone acetate and spironolactone) 
VID X-irradiation 
c) Testicular disease (primary hypogonadism): 
T gonadotrophins + J testosterone) 
- Congenital 
ID) Klinefelter syndrome 
II) Defects of testosterone biosynthesis (STAR, 20-22 desmolase, 3B-HSD, 17a-HSD, 17-20 desmolase, 
17B-HSD) 
II) Pure gonadal dysgenesis (46 XX and 46 XY) 
VI) Congenital anorchia 
V) Leydig cell hypoplasia (including type I and II for LH/HCG receptor mutations) 
VI) Myotonic dystrophy 
VII) Germinal aplasia (Del Castillo syndrome, Sertoli-cell only syndrome) 
VIII) Cryptorchidism 
IX) Y chromosome microdeletions 
X) Autosomal translocations 
XI) Adrenoleukodystrophy 
- Acquired 
IT) Orchitis (including mumps and autoimmune disorders) 
II) Chemotherapy 
- Alkylating agents 
- Methotrexate 
HI) Inhibitors of testosterone synthesis 
- Ketoconazole 
- Metyrapon 
IV) Testicular irradiation 
V) Bilateral torsion 
VI) Varicocele 
VID Bilateral trauma 


VII) General disease (including renal failure, liver cirrhosis, diabetes mellitus) 
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2) Decreased testosterone bioactivity 

(= T gonadotrophins, = T testosterone) 

- Congenital 

I) Aromatase deficiency 

IT) 50 reductase type II deficiency 

II) Androgen receptor alterations 
- Complete androgen insensitivity syndromes 
- Partial androgen insensitivity syndromes 

- Acquired 

I) Drug-induced AR blockade 


- Steroidal antiandrogen (cyproterone acetate, spironolactone) 


- Non-steroidal antiandrogen (flutamide) 
II) Drug-induced 5a reductase activity blockade 
- Finasteride (type II) 
- Dutasteride (type I and ID) 
MI) Drug-induced ER blockade 
- Clomiphene, tamoxifen, raloxifene 
IV) Drug-induced aromatase activity blockade 
- Letrozole, anastrazole, exemestane 


V) Increased sex hormone binding protein 


- Drug induced (antiepileptic, estrogen, thyroid hormones) 


- Hyperthyroidism 
- Liver diseases 


- Aging 


Sexual function of men with severe organic 
hypogonadism 


T is required for pubertal acquisition of 
gender characteristics as well as adult sexual 
behavior and functional capacity, including 
libido, ejaculation, and spontaneous 
erections. Administration of T during 
placebo-controlled studies demonstrated that 
sexual desire and arousal are T-dependent 
and represent the main impact of T on 
sexual function of men. The frequency of 
sexual activity and spontaneous erections 
(especially sleep related, i.e morning and 
nocturnal) are also clearly T-dependent. The 
psychic erections (i.e. in response to erotic 
stimuli) were initially thought to be 
androgen-independent, but are in fact partly 
T-dependent. Ejaculations and orgasm are 
also partly androgen-dependent. 


Threshold levels for testosterone effects on 
sexual function 


Overall, levels below 2ng/mL are in 
most cases associated with impairment of 
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sexual function. Conversely, from a ceiling 
level of 4.5-6ng/L, the effect of T is 
maximum and is not enhanced with 
additional T supplementation. Between these 
two thresholds levels of about 2 and 4.5- 
6ng/mL, the impact of T on sexual activity 
may or may not be optimum according to 
the sensitivity to androgens of the 
individual. 


Role of testosterone in control of erections 


e Data from experiments in men: In human 
males the main sites of the action of T upon 
sexual function are considered to be located 
in the brain. However, there are androgen 
receptors in the human corpus cavernosum, 
and some recent studies suggest T may 
modulate the vascular mechanisms of 
erection also in men. 


e Effects of T therapy in the hypogonadal 
ED patients: Testosterone therapy 
consistently restores erectile function in 
young patients with organic hypogonadism. 
A significant improvement of all aspects of 


sexual function was found in men with low 
(2ng/mL) and low-normal (2-3.5ng/mL) 
receiving standard replacement doses of T. 
Studies in older patients with low T level (T 
< 3ng/mL) lead to the conclusion that only 
36% were definitely improved regarding 
their erectile function. ED is often 
multifactorial, and comorbidities influence 
the effect of T therapy. Significant vascular 
factors, such as obstruction of the penile 
arteries or veno-occlusive dysfunction were 
found in 42% of older ED patients with low 
T levels. 


e Possible requirement of a minimum 
serum T level for a complete effect of 
PDESi in ED patients: Several studies 
recently reported an increased prevalence of 
low or low-normal T levels in ED patients 
who were non-responders to PDESi, witha 
frequent improvement of their response 
following T substitution. The speculation is 
that hypogonadism was responsible for the 
PDES5i failure. T-treatment significantly 
increased the arterial inflow to cavernous 
bodies (peak systolic velocity measured 
with CDU following sildenafil 
administration), as well as increased scores 


satisfaction” 
index of 


satisfaction”, and “overall 
domains of the international 
erectile function (IEF). 


A threshold serum T level could be 
required to achieve full efficacy with 
PDE5Si. Therefore if an ED patient does not 
satisfactorily respond to PDE5i, it is 
indicated to determine serum T if not 
already done. In case the level is low or 
low-normal (<4ng/mL), combining T 
therapy with PDESi for at lest two months 
is recommended. 


Role of late onset hypogonadism in male 
aging 

Several studies document that androgen 
levels decline with aging. Studies have 
documented a decline of serum T by 
approximately 30% in healthy men between 
the ages of 25 and 75 years. Plasma FT 
decreases even more, by about 50% over 
that period. 


Table 9.3 summarizes the clinical signs 
of androgen deficiency. 


The loss of muscle mass is a major 
contributor to the age-associated decline in 
muscle strength and fatigue. 


4 muscle strength 

\ global performance 

T abdominal and visceral fat (“beer belly”) 
\ bone mineral density 


risk of fractures (femoral neck, body of a vertebra, radius) 
T total and LDL cholesterol, / HDL 
cardiovascular risk ?? (atherosclerosis) 


insulin resistance 


Anemia (fatigue, decreased performance) 


of the “erectile function’, “intercourse 
Table 9.3: Clinical signs of androgen deficiency in males. 
Lean/muscle mass 4 muscle mass 
Fat mass 
Bone mass 

Back pain 

\ height 
Metabolism and cardiovascular 
system T 

MN 
Blood \ erythropoietin 
Cognitive functions 


\ spatial cognition and memory 


Depressive mood 


Irritability 


Sleep disturbances 


Sexual functions 


sexual desire 


ļ sexual arousal 


J erections, ED 


Retarded orgasm 
Diminished sperm production 


Skin/hair 


Atrophy (parchment skin) 


secondary hair 
Sweating, flushes 
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Diagnosis 


Today most published guidelines 
recommended routine determination of T in 
ED. Routine determination of T is also 
recommended in case of isolated low sexual 
desire. The normal level of TT is 3- 
L10ng/mL and FT is > 72pg/ml. 


The clinical signs and symptoms of 
LOH are presented in table 9.3. 


e Decreased libido (sexual desire). 


e Erectile dysfunction (diminished quality 
of the rigidity, intercourse frequency and 
nocturnal erections). 


e Decrease in lean body mass, muscle 
volume and strength. 

e Decrease in BMD (bone mass density), 
resulting in osteopenia, osteoporosis and 
increased risk of bone fractures. 

e Increase in visceral fat. 


e Changes in mood, with concomitant 
decreases in intellectual activity, cognitive 
functions, spatial orientation ability, fatigue, 
depressed mood and irritability. 


e Decrease in body hair. 

e Skin alterations. 

e Gynecomastia 

e Anemia. 

Serum TT below (2.31ng/mL) or FT below 
(S2pg/mL) require substitution. 

Androgen therapy 

Benefits of androgen therapy 


Testosterone monotherapy 


T monotherapy has been observed to 
improve erectile function in only 36% of the 
hypogonadal patients consulting for ED. T 
therapy may have more significant effects 
on libido than on erectile function. 


Combination therapy 


PDESi are the first line of therapy in 
men who do not have potentially reversible 
causes of ED, such as hypogonadism. 
Nonetheless, 23% to 50% of patients do not 
respond to PDESi alone. T administration 
improved the erectile response to sildenafil 
by increasing arterial inflow to the penis 
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during sexual stimulation. T was also shown 
to improve arterial flow and subsequent 
response to tadalafil treatment. Other studies 
have reported beneficial effects of 
combination therapy in patients with co- 
morbid conditions. Administration of 
intramuscular T and sildenafil was found to 
be efficacious in renal transplant patients 
and in patients on renal dialysis. Oral T has 
been reported to reverse ED associated with 
type 2 diabetes in patients failing on 
sildenafil therapy alone. In conclusion, T 
combination therapy with PDESi may 
improve the response to PDESi in patients 
with ED and hypogonadism. 


Risks of androgen therapy 
Benign prostatic hyperplasia 


Multiple studies have failed to 
demonstrate exacerbation of voiding 
symptoms attributable to benign prostatic 
hyperplasia during T therapy. 


Prostate cancer 


Despite decades of research, there is no 
compelling evidence that T has a causative 
role in prostate cancer. Thus, there appears 
to be no compelling evidence at present to 
suggest that men with higher T levels are at 
greater risk of prostate cancer, or that 
treating men who have hypogonadism with 
exogenous androgens increases this risk. 
Proper monitoring with PSA and digital 
rectal examination (DRE) should promote 
the early diagnosis, and thus potential cure, 
of most “unmasked” prostate cancers 
identified during T therapy. Although a 
history of prostate cancer has been 
considered an absolute contraindication to T 
therapy, this point is now under active 
debate for men who are deemed cured. 


Lipids 
T therapy within the physiologic range 


is not associated with significant worsening 
of the lipid profile. 


Cardiovascular risk 


Studies of T therapy have not 
demonstrated an increased incidence of 
cardiovascular disease or events such as 
myocardial infarction, stroke, or angina. 


Polycythemia 


Testosterone is a physiologic stimulus 
for erythropoiesis. Men with hypogonadism 
have lower hemoglobin levels than age- 
matched controls, and T therapy can restore 
their hemoglobin levels to the normal range. 
The hematocrit or hemoglobin level should 
be monitored in men receiving T therapy so 
that appropriate measures may be instituted 
if polycythemia develops. 

Infertility 


All delivery methods for T therapy 
share a common shortcoming. Some 
suppression of the hypothalamic-pituitary- 
gonadal axis is inevitable via a negative 
feedback mechanism: the low LHRH levels 
decrease LH and FSH production by the 
pituitary gland; the low LH levels translate 
to low T production by the Leydig cells in 
the testes; and the reduction in FSH results 
in suppression of spermatogenesis. Young 
men with hypogonadotropic hypogonadism 
who are interested in fathering children may 
avoid T therapy and seek treatment with 
agents that stimulate the internal production 
of T, such as hCG or in mild cases- 
clomiphene citrate. 


Contraindications 


The absolute contraindication for T 
therapy is the suspected or documented 
presence of prostate cancer or breast 
cancer. Although there is no evidence that T 
or any other androgen initiates prostate 
cancer, it is generally accepted that T 
therapy may accelerate an already existing 
prostate cancer. Relative contraindications 
and cautions include severe congestive heart 
failure for concern of fluid retention, and 
polycythemia, severe sleep apnea, severe 
lower urinary tract symptoms, 
gynecomastia, and male infertility. 


Initiation of treatment and follow-up 


The second annual andropause 
consensus meeting recommended 
performing DRE and serum PSA before 
treatment, at three and six months, and 
yearly thereafter. WHO guideline also 
recommended periodic hematologic 
assessment, i.e. before treatment, quarterly 
for one year, and then annually, to detect 
possible iatrogenic polycythemia. 
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Available preparations 


There are many T compounds in the 
market to be used in T therapy. They differ 
in their formulations, the route of 
administration, the dose and interval to be 
used (pharmacokinetics) and also in their 
safety profiles. The most common available 
preparations are listed in the table 9.4. 


a) Oral formulations 


The oral route is the easiest one to 
replace T, but the ingested hormone is 
almost completely inactivated by its first 
pass through the liver: it is therefore difficult 
to achieve sustained blood levels with oral 
formulations and most of them are weakly 
active (e.g. Mesterolone). The 17 alpha 
alkylated derivatives of T (specially methyl 
T and fluoxymesterone) are more active but 
due to the potential hepatotoxicity (e.g. 
hepatocellular adenoma, cholestasis, 
jaundice and hemorrhagic liver cysts), these 
formulations should no more be clinically 
used. The only active and safe oral 
formulation is the T Undecanoate (TU), in 
oleic acid or in a mixture of castor oil and 
propylene glycol laureate (T undecanoate 
caps), encapsulated in soft gelatin. However 
its absorption is variable and it must be 
administered with dietary fat, to promote an 
adequate absorption. Eighty percent of men 
showed normal plasma T levels with the 
dose of 120-240mg/day. Oral TU has the 
advantages of flexible dosage, self- 
administration and immediate decrease in T 
serum levels after interruption of treatment. 


b) Buccal formulation 


Transbuccal administration provides the 
absorption of T through the oral mucosa 
avoiding intestinal pass and liver 
inactivation. It is presented as a biopellet to 
be pressed on the gum above the incisor 
tooth: a buccal film is achieved and should 
be put between the lower gum and the 
cheek. Men treated with buccal formulation 
(Striant®) 30mg twice a day and compared 
to a group of patients given 5mg of T gel 
formulation daily showed no differences in 
mean T serum levels and its effect in sexual 
functioning were comparable when giving 
injectable T enanthate. 


Table 9.4: Testosterone preparations available for testosterone therapy. 


Rout For mulation Dose/Frequency of administration 
Oral Testosterone undecanoate 40-80mg / 2 to 3 times a day 
Testosterone undecanoate caps 40-80mg / twice a day 
Mesterolone 75-150 mg / once a day 
Buccal T buccal system 30mg / twice a day 
Transdermal Testosterone gel 5-10 mg / once a day 
Scrotal patch 6mg / once a day 
Non scrotal patch with enhancers 5 mg / once a day 
Non scrotal patch without enhancers 5 g/oncea day 
Subcutaneous Crystalline T pellet 600mg/ every 16-26 weeks 


Intramuscular: T 
esters 


T propionate 
T cypionate 


T enanthate 


T fenilpropionate + T isocaproate + T 


propionate + T decanoate 


T undecanoate 


10-25 mg / twice a week 

50-250mg / every 2-4 weeks 
50-250mg / every 2-4 weeks 
50-250mg / every 2-4 weeks 


1000mg / every 10-14 weeks 


c) Transdermal formulations 


Transdermal preparations are available 
either as skin patches or as hydro-alcoholic 
gel and are designed to deliver 5 to 10mg of 
T per day. They should be used daily and 
normally provide uniform T serum levels 
during the treatment. Their efficacy and 
safety are well demonstrated. The patches 
can be scrotal and non scrotal, and these can 
be without or with enhancers in order to 
increase the skin absorption. Dose 
adjustment should be considered since the 
skin absorption can vary between men. Skin 
irritation is a common side effect with the 
patches but uncommon with the gel. Some 
men — and this is different between cultures 
— also complain of lack of spontaneity and 
even shame in using both scrotal and non- 
scrotal patches. There were some reports of 
men being dissatisfied in shaving the scrotal 
skin and difficulties to place and keep in 
place the patches all time. Patient’s 
compliance with T gel seems much better 
than with T patches. After 5 minutes the gel 
dries and swimming or having a shower 4 to 
6 hours after does not affect T serum levels. 
Since gel achieves a steady-state level 
within few days, timing of application is not 
an issue. Transdermal formulations also 
have the advantages of flexible dosage, self- 
administration and immediate decrease in T 
serum levels after interruption of treatment. 
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d) Subcutaneous formulations 


Subdermal pellet implants of T are used 
since 1940. There are many reports showing 
their benefits but also their complications 
(e.g. infection, extrusion). They need a 
specialist to be implanted and have a 
prolonged period of action (around 6 
months). 


e) Intramuscular formulations 


The intramuscular injection of T 
administration in oily depot is a route very 
often used. These formulations can be 
divided in short and long acting. 


- The more frequently used short acting 
formulations - they have very similar 
pharmacokinetics - are T Enanthate (TE) 
and T Cypionate (TC), and must be injected 
200 to 250g in general in intervals of 2 to 4 
weeks. The T propionate has a much shorter 
half-life and 50mg should be injected every 
2 to 3 days. Other formulations containing 
an association of T esters can be found in 
some countries (Table 9.4). The short acting 
T formulations induce serum peak levels of 
T 2 to 3 days after injection, with in general 
a transient supra-physiological level, 
followed by a gradual decline to sub- 
physiological levels in 10 to 14 days - the 
serum levels are in general subnormal before 
the next injection. These highs and lows of T 
may be unpleasant for some men and 


produce fluctuations in patients mood, 
sexual desire and activity, and energy level. 
They have the advantage of being the most 
cost-effective formulations and the 
disadvantage of painful injections. 


- The long acting formulation available (T 
undecanoate) shows more favorable kinetics 
than the short acting ones: a first injection of 
1.000mg of TU is followed by a second 
injection 6 weeks after (loading dose) and 
then an injection every 12 weeks. It does not 
reach supra-or sub-physiological levels, 
keeping serum levels physiological within 
the normal range for 12 weeks of treatment 
period. Thus, the side effects due to the 
serum fluctuation levels of T are not 
observed with this formulation. There are 
several studies showing the high efficacy 
and safety of intramuscular TU. It must be 
injected slowly - at least one minute - deeply 
into the gluteal muscle. TU is generally well 
tolerated and very few patients relate 
irritation or pain at the site of injection. It 
has the advantage of requiring only one 
injection every 3 months. 


f) Alternatives to testosterone 
1. Oral clomiphene: 


Estrogens exert a negative feedback on 
gonadotropin secretion. Anti-estrogens class 
1 due to their antagonistic effects on 
Estrogen Receptor (ER) in the hypothalamus 
and pituitary, have the potential to increase 
serum T levels in men with hypo- 
gonadotropic (secondary) hypogonadism by 
restoring physiological endogenous 
testosterone secretion, while maintain 
testicular volume and potentially, spermato- 
genesis. 


Studies reported positive results in 
terms of T rise with clomiphene citrate 
(25mg daily) in men with T deficiency (less 
than 3 ng/ml). An improvement of sexual 
symptoms was described in ED subjects 
only after prolonged therapy (four months). 
Clomiphene is able to restore normal T and 
LH levels and to improve sperm motility and 
erectile function in most (70%) of male 
patients with prolactinomas and persistent 
hypogonadism under usual dopaminergic 
therapy. Because an increased estrogen 
mediated negative feedback on 
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hypothalamus-pituitary gland has been 
hypothesized as a possible cause of the 
obesity-induced T deficiency, it is 
conceivable that anti-estrogens may help in 
restoring T levels in such a common 
condition. Also tamoxifen in subjects with 
infertility, was able to increase T and 
gonadotrophins. 


2. Human chorionic gonadotropin (hCG) 


Human chorionic gonadotropin (hCG) 
is purified from the urine of pregnant 
women and shows the same biological 
activity as LH, but with a longer half-life. 
One injection of 5000 units stimulates T 
secretion for 3 to 5 days on condition that 
the Leydig cells are responsive. It is mainly 
used in the condition of hypogonadotropic 
(secondary) hypogonadism when fertility is 
required, in combination with FSH or human 
menopausal gonadotropins. It is usually 
administered intramuscularly three times a 
week at a dose of 1000-2000 units, or twice 
a week at a dose of 5000 units. If hCG alone 
is not sufficient in restoring sperm 
production, FSH could be added. Once 
pregnancy has been achieved patients 
usually go back on T therapy, due to the 
higher patient compliance. 


3. Future androgen therapies: Selective 
Androgen Receptor Modulators (SARMs): 


Selective androgen receptors 
modulators (SARMs) are a new class of AR 
ligands that might change the future of 
androgen therapy dramatically. The 
discovery and development of SARMs 
provides the opportunity to design molecules 
that exert androgenic activities variable from 
one tissue to another to elicit the specific 
desired activity. 


Clinically SARMs with improved 
pharmacokinetic characteristics and tissue 
selectivity might expand the therapeutic 
applications of AR ligands to include 
androgen replacement therapy, muscle 
wasting, osteoporosis, male contraception, 
BPH and prostate cancer. Current 
investigations focus on substances like 
quinolinone analogs, aryl propionamide 
analogs, hydantoin analogs, and tetrahydro- 
quinoline analogs. A summary of 
testosterone therapy is presented in table 9.5. 


Table 9.5: Synopsis of testosterone therapy. 


Indications for testosterone supplementation 


Clinical symptoms 
Psychologic Irritability, depression, nervousness, anxiety, discouragement, lack of energy 
symptoms 
Somato-vegetative Joint/muscle complaints, sweating, hot flushes, sleep disturbances, increased 
symptoms need for sleep, deterioration in well-being, weakness, fatigue, exhaustion 
Sexual symptoms Erectile dysfunction, decreased libido, decreased ejaculate volume, decreased 


orgasmic intensity 
Laboratory tests 


Total testosterone < 2.3ng/ml: T therapy mandatory. Between this level and 3.5ng/mL a trial of 
T therapy is also justified 

Calculated free < 52pg/mL: T therapy mandatory. Between this level and 72pg/mL a trial is 

testosterone also justified 

SHBG > 50-60nmol/L may be associated with a decrease in bioavailable testosterone 


Contraindications for T supplementation 

e History of prostate or breast cancer 

e PSA elevation (> 4ng/mL). Warning: hypogonadal men with PSA levels of 2.5 to 4ng/mL may also be 
at risk for prostate cancer! 

e PSA increase > 0.50ng/mL/year for at least 2 years 

e Symptomatic benign prostate hyperplasia with severe clinical symptoms 

e Polycythemia/Polyglobulism, hypercoagulability 

e Sleep apnea syndrome 

e Severe left cardiac insufficiency 

e Poorly controlled severe hypertension 

e Uncontrolled hyperprolactinemia 

Possible benefits of T therapy 

(marked in less than 40 years old hypogonadal males, less constant and ample over 40) 


Body composition: T muscle mass, J fat mass, especially abdominal and visceral fat 
Bone: T bone mineral density, prevention of osteoporosis 

Blood: T red blood cell count, | anemia and resulting fatigue 

Physical functions: T muscle strength, Î energy, | weakness, J fatigue 

Psychic functions: T spatial cognition and memory, Î energy, J irritability and depression 
Sexuality: Î sexual desire, arousal, erections, volume of ejaculate 

Possible side effects of T therapy 

Prostate: PSA increase but mostly within normal range 


Prostate enlargement but mostly within normal range 
Rarely prostate cancer 
Metabolic and Possible 4 HDL cholesterol 
cardiovascular: In case of overdosing: 
Polycythemia with Î hematocrit and risk of thrombosis 
Fluids retention with risk of: 
Reinforcement of high blood pressure 
Decompensation of cardiac insufficiency 
Sleep disturbances: T sleep apnea syndrome with possible reinforcement of T hematocrit, T blood 
viscosity and risk of thrombosis 


Testes, fertility: J testes volume, J spermatogenesis and fertility, till azoospermia 
Psychic functions: In case of overdosing aggression, excessive excitement 

Stimulation of diseases T size of prolactinoma with possible headache, visual complications, and 
sensitive to estrogens hypopituitarism 

(due to aromatization Stimulation of breast cancer 

into estradiol): Gynecomastia 
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Prolactin 
Physiological role 


Prolactin (PRL) is a 23 kDa-polypeptide 
secreted by pituitary lactotroph cells. PRL 
secretion is mainly inhibited by dopamine 
(DA) and stimulated by serotonin and 
thyrotropin-releasing hormone (TRH). In 
mammalians, the main physiological role of 
PRL is, during gestation, to prepare the 
breast for milk production, and during 
puerperium, to stimulate lactation. During 
breast-feeding, PRL secretion is maintained 
elevated by suckling, via a peripheral 
nervous loop. 


In contrast to the importance of PRL in 
female reproduction, the physiological role 
of this hormone in males is still obscure. 


Among males consulting for sexual 
dysfunction, hypoprolactinemia (i.e. 
prolactin levels in the lowest degree) is 
associated with particular psychological 
features, often considered are reflecting a 
low serotoninergic signaling. These include 
a higher prevalence of premature ejaculation 
and anxiety symptoms along with MetS and 
arteriogenic ED. 


Hyper prolactinemia 
Pathophysiological aspects 


Although the physiological role of PRL 
in males is still poorly understood, the 
association between hyperprolactinemia 
(HPRL) and derangements in both the 
reproductive and sexual behaviors is better 
defined. The prevalence of mild HPRL 
(PRL>420mU/L or 20ng/mL) in male 
subjects with sexual dysfunction is quite 
variable, ranging from more than 13% to 
less than 2%. Severe HPRL (SHPRL, PRL > 
735mU/L or 35ng/mL) is a relatively rare 
event (less than 1%). Milder forms of HPRL 
(MHPRL) do not play a significant role in 
the pathogenesis of male SD. Conversely, 
SHPRL has a negative impact on sexual 
function, impairing sexual desire — as well 
as erectile function and T production. 


A PRL-induced hypogonadism, which 
results from a PRL-dependent decrease of 
LH secretion, could explain, at least 
partially, this association. PRL may also 
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play a direct role in the control of male 
sexual desire. Among hypogonadal subjects 
with HPRL, prolactin-lowering drugs are 
able to restore both T levels and libido, 
while TT alone is not as effective. 


SHPRL underlined an organic problem 
in the hypothalamic-pituitary region in 2/3 
and a drug-induced condition in almost 1/3 
of cases. Several medications can induce 
HPRL via a number of neuroendocrine 
mechanisms. 


Clinical aspects 


a) Sexual dysfunctions of hyperprolactinemic 
men 


A study of over 300 hyperprolactinemic 
men found sexual dysfunction in 88%, 
including ED in almost every case. The most 
typical pattern associated ED with 
hypoactive sexual desire (HSD). Nocturnal 
erections are reduced in most men with 
SHPRL. 


Retarded ejaculation and anorgasmia 
have also been observed, mostly associated 
ED, but sometimes isolated. 


b) Prevalence of hyperprolactinemia in men 
with erectile dysfunction 


Routine determinations of serum PRL 
found HPRL in 1% to 5% of ED patients. 


Diagnosis 


The very low prevalence of SHPRL can 
hardly justify routine PRL measurement, 
especially in ED patients. Measurements are 
restricted to those men with HSD or serum T 
< 4ng/mL (low + low normal values). PRL 
Should also be measured in case of isolated 
HSD, and retarded or absent orgasm. 


Drug-induced HPRL accounts for 17% 
to 26% of HPRLs in men with SD. 
Secondary HPRL may also result from 
hypothyroidism (significant association with 
high serum TSH, renal insufficiency and 
cirrhosis, and to any process disturbing the 
hypothalamic-pituitary dopaminergic 
transmission (including different types of 
hypothalamic and pituitary tumors). Primary 
HPRL may be idiopathic, but in most men it 
is associated with a PRL-secreting pituitary 
adenoma (prolactinoma). 


Table 9.6: Etiology of male hyperprolactinemia. 


1. Physiologic 
- Stress (including venopuncture) 
- Sleep 
- Orgasm 
- Exercise 
- Breast nipple or areola stimulation 
2. Pseudo-hyperprolactinemia 
- Macroprolactin 
3. Pathologic 
a) Hypothalamic-pituitary stalk damage 
I) Hypothalamic tumors 
- Germinomas and other germ tumors 
- Gliomas 
- Astrocytomas 
- Craniopharyngiomas 
- Meningiomas 
- Metastases 
II) Infiltrative and infective disorders 
- Langerhans’ histiocytosis 
- Sarcoidosis and tuberculosis, syphilis 
- Encephalitis 
IID) Head trauma 
b) Pituitary diseases 
I) Pituitary tumors 
- Prolactinoma 
- Acromegaly 
- Plurihormonal adenoma 
- Macroadenoma with stalk compression 
II) Infiltrative 
- Primary hypophysitis 
- Sarcoidosis and tuberculosis, syphilis 
- fungal, parasitic, viral 
IID) Head trauma 
IV) Empty sella 
V) X-irradiation 
c) Systemic disorders 
ID) Chronic renal failure 
Il) Hypothyroidism 
M) Epileptic seizures 
IV) Herpes zoster 
d) Drug induced 
I) Antipsychotics and other dopamine receptor blockers (including antiemetic) 


- Phenothiazines (chlorpromazine, mesoridazine, thioridazine, fluphenazine, 
trifluoperazine) 


- Butyrophenones (haloperidol, pimozide, fluspirilene, penfluridol, risperidone) 
- Benzamides (sulpiride, amisulpride, levosulpiride, cisapride, metoclopramide) 
- Thioxanthenes (chlorprothixene, thiothixene) 


II) Dopamine synthesis inhibitors: &-methyldopa 


perphenazine, 
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III) Catecholamine depletors: reserpine 
IV) Antidepressants 


- Selective serotoninergic reuptake inhibitor (SSRI: citalopram, paroxetine, sertraline, fluoxetine, 


fluvoxamine, escitalopram) 


- Serotoninergic-noradrenergic reuptake inhibitor (SNRD/atypical antidepressants (venlafaxine, 


trazodone, mirtazapine, bupropion) 
- Tricyclic (clomipramine, amitriptyline) 
V) Opiates 
VI) H, antagonist 
- Cimetidine 
- Ranitidine 
VII) Calcium channel blockers: 
- Verapamil 
VIII) Hormones 
- Estrogens 
- Antiandrogens 
IX) Anticonvulsants: 
- Phenytoin 


Macroprolactinomas (> 10mm 
diameter), as other types of hypothalamic or 
pituitary tumors, are likely to result in 
tumorous complications: visual disturbances 
or even blindness, due to compression of the 
optic chiasma, and hypopituitarism. MRI of 
the hypothalamic-pituitary area should be 
done in case of SHPRL, 67% of those with 
SHPRL harbored a pituitary tumor. 
Macroprolactinomas are the most prevalent 
in these men. Some microprolactinomas 
(diameter < 10mm) have also been reported 
in men with SD and MHPRL. 


Treatment of sexual dysfunctions 
hyperprolactinemic men 


of 


Dopamine-agonist agents(mainly 
bromocriptine and more conveniently 
cabergolide which often requires a single 
administration per week) should be the first 
choice treatment in case of SHPRL. In most 
cases these prolactin-lowering agents 
normalize every aspect of sexual function, in 
addition to the serum PRL and T levels. 
They may also shrink the associated 
prolactinomas, or at least prevent their 
growth. Trans-sphenoidal removal may also 
be proposed in case of prolactinoma. It may 
definitely cure both the tumor and the 
HPRL, and protect against any further 
tumorous complication. However, 
dopamine-agonist therapy is more often 
chosen as first line treatment at least in case 
of microprolactinoma, since tumorous 
extension or complications seldom occur 
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with this therapy. In case of macro- 
prolactinoma, hypogonadism may persist 
despite the return to a normal PRL level. 
Such patients require the combination of T 
therapy with dopamine-agonist therapy. 


Growth hormone 


Secondary hypogonadism is a relatively 
common feature of acromegaly. Although 
impotence and decreased libido is often 
reported as a symptom of acromegaly, it is 
still unclear if it is due to the excess of GH 
or to the compression by the GH-producing 
tumour of the neighbouring gonadotrophin 
producing cells. An excess of PRL, caused 
by mixed hyper-production of GH and PRL 
or by compression of the pituitary stalk, is a 
common feature of acromegaly, which can 
partially contribute to the sexual 
dysfunction. In  acromegalic subjects, 
adequate surgical and/or medical therapy 
can partially revert hypogonadism. 


Thyroid gland disorders 


Sexual effects of hypothyroidism and 
hyperthyroidism are presented in table 9.7. 
These effects are reversible by appropriate 
treatment of the thyroid disorder. 
Testosterone administration is ineffective. 
Despite the rise of total plasma testosterone 
level in hyperthyroidism due to raised 
SHBG, free testosterone level is decreased. 
The raised plasma testosterone level can be 
used as a biochemical test for diagnosis of 
occult hyperthyroidism. 


Table 9.7: Sexual disorders and their pathogenesis in thyroid gland disease. 


Sexual effects Mechanisms 
Hypothyroidism 
Depressed libido Hyperprolactinemia 
Impotence Decreased plasma testosterone level 
Delayed ejaculation Decreased SHBG level 
Gynecomastia Increased metabolic clearance rate 
Infertility Metabolic effects 
Delayed puberty in juvenile hypothyroidism 
Hyperthyroidism 
Libido usually depressed, rarely increased Raised plasma testosterone and estradiol levels due 
to increased SHBG level 
Impotence Metabolic effects 
Gynecomastia 
Infertility 


Premature ejaculation (in 50%) 


Table 9.8: Sexual disorders in suprarenal cortex disease. 


Disease 


Sexual effects and other features 


Adrenocortical insufficiency 


Primary i.e. Addison’s disease 
(AD) 
Autoimmune AD 


AD due to other causes 


Secondary 


Cushing’s syndrome 


Deficiency of adrenal hormones due to gland destruction 


Loss of libido, impotence, infertility 

Autoimmune hypogonadism (anti-Leydig cell antibodies) 
Testes small and soft 

Decreased plasma testosterone level, increased plasma 
FSH and LH levels i.e. primary hypogonadism 


May be also other autoimmune disorders causing hypogonadism as 
Hashimoto’s thyroiditis, diabetes mellitus 

Infertility irreversible, libido and potency restored with 
testosterone therapy 

Tuberculosis, amyloidosis, sarcoidosis, hemorrhage, 
adrenalectomy 

Loss of libido, impotence, fertility preserved 

Plasma testosterone and gonadotropins levels normal 

Sexual effects are caused by marked debility 

Sexual effects respond to glucocorticoid and mineralocorticoid 
replacement therapy 

Deficiency of adrenal hormones secondary to ACTH deficiency 
Occurs with panhyopituitarism 

Loss of libido, impotence, infertility 

Decreased plasma levels of testosterone and gonadotropins 
Sexual effects treatable with gonadotropins 


Excess plasma cortisol caused by excess ACTH, or glucocorticoid- 
secreting adrenal tumor, or exogenous corticosteroids 


Loss of libido, impotence, infertility 
Low plasma testosterone level 
Low to normal plasma LH and FSH levels 


Administration of high doses of corticosteroids to normal men 
decreases plasma testosterone 


Testes small and soft 


Sexual effects usually corrected by appropriate medical or surgical 
treatment 
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Disorders of the 


cortex 


suprarenal 


The sexual effects and other related 
features of suprarenal cortex insufficiency and 
Cushing’s syndrome are presented in table 9.8. 
The production of excess estrogens or 
testosterone by  sex-hormone producing 
adrenocortical tumor leads to feminization or 
virilization, respectively, while both hormones 
suppress gonadotropin release from the 
pituitary, causing secondary hypogonadism. 


Sexual dysfunctions in the 


diabetic man 
Introduction 


The prevalence of ED was 35.8% and 
increased with age, it was 4.6% in men in their 
20’s and 45.5% in men older than 60 years. 
Men with diabetes are more likely than non- 
diabetics to experience sexual dysfunction. 
Sexual problems that may affect diabetic men 
include erectile dysfunction, ejaculation 
problems and low levels of testosterone. 
Sexual dysfunction in people with diabetes 
often involves damage to blood vessels 
(diabetic angiopathy) or nerves (diabetic 
neuropathy). This damage often results from 
poorly controlled glucose. Men with diabetes 
are at increased risk for erectile dysfunction, 
that occurs at an earlier age, and it is related to 
longer duration of diabetes, poor metabolic 
control, and the presence and number of 
diabetic complications. Because patients with 
diabetes are at risk for vascular and 
neurological complications and psychological 
problems, they are at risk for both organogenic 
and psychogenic sexual dysfunction. 


Types of sexual dysfunctions in diabetes 
mellitus 


a) Erectile dysfunction (ED): Men with 
diabetes are three times more likely to 
experience ED than those without diabetes. In 
addition, men with diabetes and ED may 
experience the problem 10 to 15 years earlier 
in life than non-diabetics. It is not uncommon 
for a man seeking treatment for erectile 
dysfunction to learn that he has diabetes. 
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b) Male hypogonadism: Beginning in 
middle age, this condition is common in men, 
but more common in diabetic men. 


c) Retrograde ejaculation: This is 
typically caused by failure of the urethral 
sphincters due to damage of the autonomic 
nerve system. 


d) Premature ejaculation: Factors that 
may contribute to this common condition 
include diabetes, cardiovascular disease, nerve 
damage, urethritis or even hypogonadism. 


e) Retarded or absent ejaculation: This 
difficulty occurs even in the absence of ED 
and libido issues. Risk factors for delayed 
ejaculation include diabetes, high blood 
pressure, nerve disease, prostate problems and 
use of medications, like beta blockers and 
SSRI antidepressants. 


Management of sexual dysfunction in diabetic 
men 


Risk factor modification by controlling 
the blood glucose levels is the essential and 
first step. Decreasing glucose concentrations 
will correct certain metabolic abnormalities. A 
second step is the treatment of the related 
factors, such as hypertension, obesity and any 
diabetic complication. 


Treatment of hypogonadism 
accompanying insulin resistance may correct 
many of the symptoms of androgen 
deficiency, and also improve erectile 
dysfunction. Phosphodiesterase inhibitors are 
a very efficient tool to help patients with ED, 
also including men with diabetes. Diabetic 
men often have clinical or subclinical 
neuropathy and their production of nNO will 
be decreased. This is why the results of these 
agents are not as positive in men with 
diabetes as with other risk factors for ED. 
Other therapies of ED in men with diabetes 
may include intra-urethral alprostadil, penile 
self injection therapy, vacuum constriction 
devices and penile prosthesis. Testosterone 
therapy may be indicated as a monotherapy 
or in combination with other ED therapies. 


Section 2: Effect of disease on male sex 


Chapter 10: Sex and neurologic disease 


Organic brain disease may be caused 
by tumors, cysts, vascular lesions, brain 
injury, brain surgery, brain infections, 
epilepsy and degenerative disorders. The 
site of the brain lesion determines the 
type of sexual disorder occurring (Table 
10.1). Sexual disorders occurring in 
specific brain, spinal cord, muscle and 
nerve diseases are presented in table 10.2. 


The pathogenesis of these sexual 
disorders is presented in table 10.4. 

Treatment options for sexual 
dysfunctions in neurological diseases are 
presented in table 10.5. 

Patients having epilepsy of types 
other than temporal lobe, have normal 
sexual functioning and behavior. Rarely 


an attack of temporal lobe epilepsy may 
be provocated by sexual activity. Rarely 
sexual feelings (genital parasthesias or 
orgasm-like experience) may occur as a 
part of an epileptic attack. Postictal sexual 
behavior as exhibitionism or confused 
undressing may follow a seizure. The 
patient is amnesic for ictal and postictal 
sexual manifestations. Improvement of 
hyposexuality commonly occurs after 
control of fits by anticonvulsants or 
temporal lobectomy. 


Sexual disorders after brain injury 
are rare. They may occur up to several 
years after head trauma. Lesions of the 


orbital and frontal lobes are more 
associated with sexual disorders than 
lesions elsewhere. 

In parkinsonism, levodopa improves 


the motor functions but may cause hyper- 
sexuality. The Shy-Drager syndrome is a 
form of parkinsonism which also affects 
many autonomic nervous functions 
causing ED, loss of libido, orthostatic 
hypotension and anhidrosis and does not 
respond to levodopa therapy. There is a 
defective central regulation of the 
autonomic nervous system which is intact 
peripherally. 
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Multiple sclerosis affect young adults 
(20-40 years), with unpredictable course. 
The disease may be mild and transient or, 
more commonly, chronic with remissions 
and relapses over years. It may be quite 
localized or widespread. The sexual 
problem may be the first or the only 
manifestation of the disease. The onset of 
Sexual problem may be quite rapid and it 
may remit after a period of time or may 
persist and fluctuate in severity. Sexual 
disorders in multiple sclerosis are more 
commonly associated with bladder or 
other peripheral autonomic symptoms, 
than with more central lesions causing 
ocular or cerebellar disturbance or upper 
motor neurone disease. ED may be partial 
or total and is commonly associated with 
disturbance of body sweating. 


Sexual disorders in male paraplegics 
are shown in table 10.3. The factors 
determining sexual function in patients 
with spinal cord lesions are the degree of 
completeness and the level of the lesion 
(upper or motor neurone lesion). Patients 


with UMNL have clinical evidence of 
reflex activity mediated by sacral 
segments (e.g. bulbocavernosus reflex) 


which is absent in patients with LMNL. 
Patients with incomplete lesions have a 
better sexual prognosis than those wit 
complete lesions. Patients with UMNL 
have a higher rate of erection than those 
with LMNL but a lower rate of 
ejaculation. The higher the level of the 
lesion the better is the prognosis for 
erection and the less it is for ejaculation. 


Successful coitus is dependent on the 
quality of erection, and the presence of 


either reflexogenic or psychogenic 
erections alone is not sufficient to sustain 
normal coitus in  paraplegics, since the 


former are often extremely brief in 
duration and the latter are often partial 
although they persist longer. Mixed types 
of erections with ability for coitus occur 
in patients whose upper limit of the injury 


is located at Tj. or below (preservation of elevation of catecholamines. Electro- 


spinal center for 


and the lower limit 


(preservation of 
erection). 


Men with spinal cord injuries above the 
fourth thoracic vertebra may experience 
"Autonomic Dysreflexia" . In this 
condition there is excessive activation of 
the autonomic nervous system during 


psychogenic erection) ejaculation semen can be obtained for 
is at S) or above artificial insemination by doing electrical 
center for reflex stimulation with electrodes in the rectum. 


Another method is the application of a 
vibrator to the penis to provoke reflex 
ejaculation using a vibrator with 
amplitude of 2 mm and frequency of 80 
Hz which is applied to the ventral surface 
of the glands penis. 


sexual arousal leading to severe In patients having myotonia 
headache due to rapid increase of blood dystrophica, testosterone improves ED. 
pressure, associated with flushing, Patients having myasthenia gravis may 
sweating, bradycardia, and muscle benefit from anticholinesterase drugs e.g. 
spasms. The condition may be caused by neostigmine, taken before sexual activity. 


Table 10.1: Effect of or ganic brain disease on male sex. 


Site of lesion 


Sexual disorder 


Parietal lobe 
Frontal lobe 
Temporal lobe 


Anterior 


Posterior 
Hypothalamus 


Anterior 


Posterior 


Pituitary gland 
Hypopituitarism 


Basophil adenoma 
(Cushing's disease) 


Genital parasthesias 


Disinhibition leading to increased or inappropriate sexual behavior 


Increased libido, priapism, sexual deviations (exhibitionism, fetishism, 
transvestism) 


Decreased libido, ED 


Prepubertal : hypogonadism 
Postpubertal : low libido, ED 
Prepubertal : precocious puberty 


Postpubertal : increased libido, frequent change of partners, sexual 
addiction leading to rape 


Prepubertal : hypogonadism 
Postpubertal : decreased libido, ED, aspermia 


Loss of libido, ED, gynecomastia 


Basal ganglia (Parkinsonism) Decreased libido, ED 


Table 10.2: Sexual disorders in neurologic diseases. 


Disease 


Sexual disorder s 


Brain 
Temporal lobe 
Anterior lesions 
Posterior lesions 


Epilepsy 


Brain injury (after 
head trauma) 


Cerebral 
arteriosclerosis 


Parkinsonism 


Increased libido, priapism, sexual deviations 
Decreased libido, ED 


Decreased libido, ED, anejaculation, rarely hypersexuality (excessive 
masturbation) or sexual deviations 


Libido usually decreased and rarely increased, ED, sexual hallucinations, 
violent sexual behavior, inappropriate sexual behavior e.g. masturbation in 
public 


Decreased libido, ED 


Decreased libido but is increased in 50% on levodopa, ED, retarded 
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Disease Sexual disorder s 


ejaculation (secondary to antidepressants) 
Mechanical limitation to coital movements due to rigidity 


Hypersexual behavior may occur e.g. aggression or exposure, may occur 
during episodes of delirium, in patients with dementia, and in those receiving 
levedopa 

Huntington's Chorea Libido may be increased or decreased, ED (rare) 

Sexual deviations: exhibitionism , voyeurism, homosexuality, promiscuity 

Hypersexuality leading to excessive coitus or sexual violence 


High incidence of divorce 


Stroke Decreased libido (occurs if the dominant hemisphere is damaged), ED, 
retarded ejaculation 
Inability to use previous coital positions and techniques 
Spinal Cord 


Multiple sclerosis Decreased libido in about 50% of men, ED in 80%, failure of ejaculation 


Diminished or absent genital sensitivity (penis) resulting in diminished 
response to tactile stimulation, or sometimes hypersensitivity which makes 


either genital touch or orgasm unpleasant 
Sexual dissatisfaction or even cessation of sexual activity may occur 
Paraplegia Libido is usually intact 


Erection is normal in 15%, totally absent in 15%, and partially present (not 
sufficient for coitus) in 70%, depending on the type or the level of lesion 


Failure of emission or retrograde ejaculation 


Fertility is impaired in 90% of cases; however, testicular and hormonal 
functions are normal 


Muscles 


Myotonia dystrophica ED, atrophy of the tests and infertility, mechanical coital difficulty (due to 


inability to relax muscles after contraction) 


Myasthenia gravis ED, inability to sustain sexual activity due to muscle weakness and easy 


fatiguability 
Poliomyelitis ED, (rare), mechanical activity of coitus may be hindered 
Nerves 
Peripheral neuropathy ED 


Autonomic neuropathy ED, failure of emission, retrograde ejaculation 


Table 10.3: Sexual disorders in male paraplegics. 


Criterion UMNL LMNL 
Complete Incomplete Complete Incomplete 

Site of lesion Above S2 Above S2 S2-4 S2-4 
Sensory function (saddle Absent Any degree of Absent Any degree of 
area sensation) sparing sparing 
Motor function (voluntary Absent Any degree of Absent Weak and usually 
control of anal sphincter) sparing asymmetric 
Reflexes (bulbocavernosus Present Present Absent Much reduced 
and superficial anal) 
Reflex erection Present Present Absent Absent 
Psychogenic erection Absent May be present Usually absent Usually present 
Ejaculation 

Occurrence Rare Uncommon Uncommon Common 

Type Normal Normal Dribbling semen Dribbling semen 
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Table 10.4: Pathogenesis of sexual disorders in neurologic diseases. 


Disease 


Mechanism 


Brain 
Temporal lobe lesions 
Decreased libido, ED 


Hypersexuality 
Parkinsonism 

Decreased libido, ED 

Retarded ejaculation 
Stroke 


Decreased desire, arousal 
and orgasm 


Spinal cord 
Multiple sclerosis 


ED, absent genital 


sensitivity, decreased libido 


Paraplegia 
Decreased libido 
ED 


Failure of emission 


Retrograde ejaculation 
Infertility 


Muscles 
Myotonic dystrophy 
Myasthenia gravis 
Poliomyelitis 
Nerves 


Peripheral neuropathy 


Autonomic neuropathy 
ED 


Failure of emission 


Retrograde ejaculation 


Excessive neuronal activity of the limbic portions of temporal lobe 
producing suppression of sexual activity 


Anticonvulsants 
Fear of precipitation of epileptic attack by sexual activity 


Lack of neuronal activity of the limbic portions of temporal lobe 


Depression, decreased dopamine 
Antidepressants 


Physical factors: loss of sphincter control and soiling, reduced skin 
sensitivity, loss of physical power, poor coordination, speech defects, 
presence of other diseases (e.g. myocardial infarction, hypertension, 
diabetes, mellitus), use of drugs (e.g. antihypertensives) 
Psychological factors: fear of another attack, anxiety, depression, 
decreased self-esteem 


Psychogenic, secondary to the sexual or other neurologic effects 


A lesion interrupting the reflex arc in the spinal cord 


Absence of genital sensations, concerns about messiness (defecation 
and urination during the act), depression, impaired body image, 
partner reaction 

Loss of psychogenic and/or reflexogenic stimuli for erection (sensory 
loss), loss of function of erection centers (sacral, thoracolumbar) 
Hyperactivity of sacral segments in patients with UMNL leading to 
inhibition of emission, absence of cortical efferent supply to emission 
center, destruction of emission center if lesion affects T,;-L» 
Affection of the spinal center for closure of internal bladder sphincter 
(Ti1-L2) 

High scrotal temperature in paraplegics, sexual problems (ED, failure 
of emission, retrograde ejaculation) 


ED is due to testosterone deficiency (testicular atrophy) and/or 
mechanical coital difficulty (myotonia) 


ED is mechanical due to muscle weakness and easy fatiguability 
ED is due to autonomic nerve involvement 


ED is due to the affection of the afferent sensory supply of 
erection(pudendal nerve) 


Affection of the parasympathetic nerve supply of the corpora 
cavernosa muscles which release the neurotransmitter of erection 
Affection of the sympathetic nerve supply of the accessory sex organs 
leading to failure of contraction of their muscles 

Affection of the sympathetic nerve supply of the internal vesical 
sphincter 
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Table 10.5: Treatment of sexual dysfunctions in neurological disorders. 


Disease 


Option 


Epilepsy 


Anti-epileptic drug induced 
hypogonadism (phenytoin, 
barbiturates, carbamazepine 


Sexual automatisms of temporal 


lobe origin 
Multiple sclerosis 


Erectile dysfunction 


Spasticity 
Spinal cord injury 
Erectile dysfunction 


Erectile dysfunction and 


ejaculation 


Retrograde ejaculation 


Spasticity 
Parkinson's disease 


Erectile dysfunction 


Hypersexuality 


Stroke 


Erectile dysfunction 


Spasticity 
Hypersexuality 
Head injury 
Pituitary trauma 
Spasticity 
Hypersexuality 


1- Switch to P450 enzyme-inhibiting (valproic acid) or enzyme- 
neutral AED (gabapentin) 


2- Testosterone replacement 


Consider anterior temporal lobectomy 


1- Sildenafil 
2- PGE, 


Baclofen, botox 


l- Sildenafil-Enhancement of reflex and psychogenic erections 
2- PGE,- Enhancement of reflex and psychogenic erections 


l- Tadalafil-Significant increase in erectile and ejaculatory capacities 
at all spinal levels 


2-  Wardenafil-Significant increase in orgasmic awareness compared to 


baseline and ejaculation success rates compared to placebo 


Midodrine-Antegrade ejaculation was more frequent after midodrine 
with penile vibratory stimulation 


Baclofen, botox 


1- Apomorphine 

2- Sildenafil. Caution: orthostatic hypotension 
PGE, if Sildenafil contraindicated 

1- Stop dopamine agonist, continue levedopa 


2- Quetiapine, not dopamine antagonists. Consider CBT , SSRIs, 
clozapine 


3- Consider non-steroidal anti-androgens (e.g. flutamide), GnRH 
agonists (leuprolelin and others), spironolactone but avoid high 
doses (hypotension) 


Sildenafil 

PGE, if sildenafil contraindicated 
Baclofen, botox 

As head injury 


Potential replacement of testosterone or growth hormone 
As stroke 


CBT, SSRIs, steroidal antiandrogens (spironolactone), non steroidal 
antiandrogens, GnRH agonists, dopamine antagonists, and atypical 
antipsychotics (e.g. quetiapine) 
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Section 2: Effect of disease on male sex 


Chapter 11: Sex and psychiatric disease 


Mental retardation 


There are two groups of the mentally 
retarded i.e. group 1 (20%) which is char- 
acterized by severe retardation (I.Q less than 
55), have organic brain pathology and 
associated with physical disabilities, and 
group 2, which has mild to moderate retar- 
dation (I.Q. 55 to 70), the cause is unknown 
and no organic brain pathology is present. 


Approximately 3% of the population are 
mentally retarded. These persons are less 
sexually active than normal persons and 
sexual activity is inversely proportional to the 
degree of retardation. 


The sexual disorders and their 
pathogenetic mechanisms in the mentally 
retarded persons and in other psychiatric 
diseases are illustrated in tables 11.1, 11.2. 


Depression 


Depression is characterized clinically by a 
depressed mood, anhedonia, impaired self- 
esteem, a sense of hopelessness and help- 
lessness, poor concentration, fatiguability, 
decreased or increased appetite, insomnia or 
hypersomnia, loss of physical energy, or 
suicidal ideas. 


Approximately 20% of adults experience 
depressive episodes sometime during their 
lives. Sexual dysfunctions do not occur in 
every depressed person (20% have normal 
desire, and 80% have normal erection). ISD 
may be the main feature of depression with 
reasonable other life functions. 


If is important to differentiate between 
sexual dysfunctions resulting from primary 
depression (other features of depression 
present, resolve with antidepressant drugs) and 
depression occurring secondary to a 
preexisting sexual problem (depression is 
mild, no response to antidepressants, cure with 
resolution of the sexual problem). However, 
some men react to psychogenic ED with 
moderate secondary depression. These men 
start to lose morning erections, show clinical 
features of depression, and regain morning 
erections wit antidepressants given for 3 to 6 
weeks. 
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ED in these cases is either resolved with the 
reappearance of morning erections and 
improvement of the secondary depression or 
otherwise the patients need further 
management by sex therapy. Sex therapy is 
contraindicated in presence of depression. 


Mania 


A manic episode is characterized by 
euphoria, heightened sense of self-esteem. 
tendency to grandiosity, hyperactivity, flight 
of ideas, accelerated speech, poor judgment, 
delusional thinking, and hyper-sexuality. In 
hypomania the same features are present but in 
a less degree. 


Schizophrenia 


This is a chronic (lifelong) illness char- 
acterized by severe disturbances in thought, 
perception, behavior, affect, and presence of 
delusions and hallucinations (auditory, 
olfactory, gustatory, genital). The onset is 
usually in young adulthood. 


Schizophrenia affects 1% of the world’s 
population. The course is extremely variable. 
Mild cases have recurrent acute episodes of 
illness with intervals of normal behavior, 
thinking, feeling, and normal sexual behavior 
and functioning. Moderate cases do not 
recover fully between acute episodes and may 
experience sexual difficulties. Severe cases are 
too sick to make sexual relationships and do 
not complain of sexual dysfunctions. 


Schizophrenics have tendencies to avoid 
close relationship which lead to lower rates of 
marriage and fertility. Sex therapy is used only 
in mild schizophrenia during the disease free 
intervals. 


Hysteria 


Hysteria primarily affects females and the 
onset is usually before age 25. There are 
multiple somatic symptoms that are not 
explainable by anatomic and physiologic 
principles and without organic pathology. 
Hysteric patients are often seductive. Marital 
discord and divorce are common in hysterics 
and may contribute to the sexual dysfunctions. 


Table 11.1: Sexual disorders in psychiatric diseases. 


Disease Sexual disorders 


Mental retardation 
Group 1 
Group 2 


Not capable of heterosexual relationship including marriage 


Predisposed to homosexual or heterosexual exploitation 


Show inappropriate sexual behavior i.e. excessive masturbation, child 
molestation, incest, exhibitionism, bestiality 


Affective disorders 


Sexual desire is impaired in approximately 80% of males 


Rarely pseudohypersexuality (increased desire and sexual activity) 


Abnormal changes in sexual behavior (rare): exhibitionism. pedophilia, incest, 


Sexual desire increased in 65% and decreased in 15%, ED (rare) 


Disinhibited sexual behavior leading to promiscuity or inappropriate sexual 


Dysfunctions of the sexual response are not a characteristic feature of 


schizophrenia. However, they may occur coincidentally or secondary to 


Sexual preoccupations e.g. heterosexual and homosexual fears and desires, 


Sexual hallucinations e.g. over sexual identity, size or shape of genitals, 
sexual persecution, other people’s sexual conduct, pregnancy, request for sex 


Depression 
ED in approximately 20% 
homosexuality, sexual delusions 
Mania 
actions 
Schizophrenia 
antipsychotic drugs 
incestuous thoughts, sexual obsessions 
change 
Hysteria Low libido, anorgasmia or absence of sexual pleasure 
Anxiety Low libido, ED 


Personality disorders 


Anti-social Sexual promiscuity 


personality 


Passive-aggressive Low desire 


personality 
Obsessive-compu- 


Isive personality Sexual avoidance 
Low libido 


Sexual dissatisfaction 


Asthenic personality 


High rate of marital difficulties, divorce, and alcohol abuse 


Lack of pleasure from the sexual act 


Cyclothymic Alternating periods of increased and decreased libido and sexual activity 
personality 
Anxiety factor for most psychogenic dysfunctions of 


Anxiety is a reaction to a fear of any kind 
and is manifested by mental features e.g. 

difficulty in concentration, irritability, 
restlessness, easy fatiguability (neurasthenia), 
and physical features e.g. tachycardia, 
hypertension, dryness of mouth, etc.. Anxiety 
manifestations are readily increased by self- 
observation thus leading to a vicious circle. 


Performance anxiety i.e. anxiety ex- 
perienced during the sexual situation after the 
onset of the sexual dysfunction is the most 
common and most important maintaining 
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the sexual response. 


Personality disorders 
Antisocial personality (sociopathy) 


A history from childhood or adolescence 
onwards of delinquent or criminal behavior 
accompanied by lack of remorse, pathologic 
lying, irresponsibility, inability to feel guilt or 
to learn from experience or punishment, and 
difficulty in maintaining interpersonal 
relationships. Although sexual activity is often 
high, sex is practiced to obtain material gains 
rather than a gratifying experience. 


Table 11.2: Pathogenesis of sexual disorders in psychiatric diseases. 


Disease 


Mechanism 


Mental retardation 


Depression 
Hyposexuality 


Pseudo- 

hypersexuality 
Mania 

Hypersexuality 


Decreased desire and 


Lack of appropriate learning 
Poor self control 
Lack of judgment 


? Relative deficiency of cerebral biogenic amines (norepinephrine and 
serotonin) involved both in mood and sexuality Sexual side effects of 
antidepressant drugs 

For self-reassurance about the sexual hypofunction 


? A non-specific effect due to general increase in well-being and energy 
? A biochemical disorder underlying both mania and hypersexuality 
Probably due to lowering of blood testosterone level induced by lithium 


Decreased ego defenses resulting in higher sexual excitation 

A disorder of the temporal lobe may be present since sexual hallucinations are 
usually associated with gustatory and olfactory hallucinations 

Reaction to a sexual difficulty or conflict with hysterical mechanisms e.g. 


ED carbonate used in treatment 
Schizophrenia 
Hysteria 
dissociation leading to sexual anaesthesia 
Anxiety Sexual fears 


Personality disorders 
Antisocial 
personality 
Passive- aggressive 
personality 
Obsessive- 
compulsive 
personality 


Genital susceptibility to anxiety arising from non-sexual causes e.g. financial 
or job troubles 


A specific incapacity to experience love and lack of sense of guilt 
Use of passive interpersonal behavior as a means of expressing hostility 


Sex is practiced in a mechanical manner, lacking warmth and spontaneity 
The person may have sexual delusional fears or thoughts 


Passive-aggressive personality 


The person exhibits disinterest, withdr- 
awal, inefficiency, negativism and procras- 
tination as a mean of accomplishing dis- 
comfort in others. 


Obsessive-compulsive personality 


These persons show rigid behavior, per- 
fectionism, inhibition, and self-doubt. The 
person may give himself a grade on a scale 
from zero to 100 after any performance. 


Asthenic personality 


The person has concerns about weakness, 
fatigue, and has lack of enthusiasm and 
somatic complaints. 


Cyclothymic personality 


Persons have alternating periods of high 
and low moods with concomitant changes in 
sexual activity. 
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Antidepressants and sexual problems 


Selective serotonin reuptake inhibitors 
and tricyclic agents show a higher incidence of 
sexual dysfunction than other antidepressants 
that work through different mechanisms of 
action e.g. bupropion, mirtazapine. Sexual 
dysfunction is the most frequent adverse effect 
of the serotonergic drugs. This problem, which 
has a high incidence (30-50%), affects the 
patient’s quality of life. 


Antidepressant drugs can deteriorate 
previous sexual activity by negatively 
affecting desire, arousal, orgasm, and 


ejaculation Anecdotal reports also describe 


less frequent alterations such as_ penile 
anaesthesia, priapism (associated with 
paroxetine and trazodone), increased libido, 
spontaneous orgasm, and decreased 


ejaculation volume. 


The normal sexual response includes the 


combination of neurogenic, psychogenic, 
vascular, and hormonal factors that are 
coordinated by hypothalamic, limbic system, 
and cerebral cortex centers. Nowadays, it is 
accepted that human sexual function is 
influenced by the intervention of many 
neurotransmitters. Dopamine enhances sexual 
function while serotonin inhibits sexual desire, 
ejaculation, and orgasm. Drugs with potent 
anticholinergic and/or a-1 receptor blocking 
action such as antidepressants (clomipramine) 
and some antipsychotic agents (risperidone) 
have a great capacity to impair sexual arousal. 
Reduction of nitric oxide (NO) activity has 
been related to SD secondary to antidepressant 
agents. 


Citalopram and paroxetine present the 
highest incidence values. Bupropion has 
shown little SD due to its dopaminergic 
mechanism of action. Agomelatine, a new 
antidepressant has shown a very low degree of 
SD. 


Substituting one SSRI with another one 
may help alleviate sexual side effects. 
Substituting SSRIs with drugs that work 
through a different mechanism of action, 
including bupropion, and mirtazapine appears 
to be an effective option. Agomelatine, may be 
a good alternative for patients suffering 


moderate to severe SD. Sildenafil is useful to 
reverse male sexual dysfunction. 


Sexual dysfunction from antipsychotic 
medication 

The most frequent dysfunctions are 
decreased libido, delay or lack of 


orgasm/ejaculation and arousal problems. In 
general antipsychotics that increase prolactin 
levels (haloperidol, risperidone, amisulpride, 
paliperidone) are associated with more sexual 
problems than those which do not (aripiprazol, 
quetiapine, ziprasidone and olanzapine). In 
addition to hyperprolactinemia, there are 
several possible mechanisms of antipsychotic 
induced SD including sedation due to 
histaminic blockage, cholinergic blockage, 
and adrenergic blockage. High rates of SD 


have been consistently reported with 
risperidone, ranking from 43% to 67%. 
Olanzapine, quetiapine, ziprasidone and 
aripiprazol exhibit a significantly lower 


incidence of SD (5-18%). 


Spontaneous remission occurs only in a 
few cases and gradual reduction of the dose 
may be useful in some patients. The use of 
sildenafil shows significant improvement in 
erectile dysfunction. Substitution may be 
helpful. Switching to olanzapine, has 
decreased sexual dysfunction. 


Table 11.3: Mechanisms involved in psychotropic related sexual dysfunction. 


® Increase of serotonin activity 


® Anticholinergic effect 

D, blockade 

Nitric Oxide inhibition 
Alpha 1 blockade (priapism) 


Endocrine changes: 
Increase of Prolactin 
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Section 2: Effect of disease on male sex 


Chapter 12: Sex and other medical disease 


Sex and Arthritis 


Sexual problems are associated with 
many rheumatic disorders, such as os- 
teoarthritis. rheumatoid arthritis, systemic 
lupus erythematosus, ankylosing spondylitis, 
polymyalgia rheumatica, Reiter’s syndrome, 
Behcet’s syndrome, and Sjégren's syndrome. 
The prevalence of sexual problems in adults 
with various types of arthritis has been 
reported to range from 50 to 66%. The sexual 
disorders occurring in patients with arthritis 
and their pathogenesis are presented in table 
12.1. 


Patients with arthritis need to identify 
positions of maximum comfort before en- 
gaging in sexual activity, and to avoid 
positions that will cause pain during in- 
tercourse. The use of an analgesic or muscle 
relaxant shortly before sexual activity may be 
helpful. 


Patients doing hip or knee surgery should 
abstain from sexual intercourse for 6 weeks. 
Gentle intercourse is then resumed and 
ordinary intercourse may be resumed after 3 to 
4 months from surgery. 


Sex and anemia 


Anemia, per se, is a rare cause of sexual 
dysfunctions. In any severe anemia, like many 
debilitating diseases, loss of libido and ED 
may occur. 


Table 12.1: Sexual disorders caused by arthritis. 


Thalassemia may cause lack of sexual 
maturation and hypogonadotropic hypogona- 
dism secondary to iron overload in the 
pituitary. Sickle cell anemia can cause the 
same sexual effects and the hypopituitarism is 
caused by intravascular thrombosis and 
infarction. Patients with sickle cell anemia 
may develop also primary hypergonadotropic 
hypogonadism and priapism. 


Sex and respiratory disease 


Most men with chronic obstructive pul- 
monary disease (COPD) i.e. emphysema and 
chronic bronchitis, have decreased libido and 
ED. The sexual dysfunction increases with 
the degree of respiratory disability. Dyspnea 
is a prominent symptom accompanying 
sexual intercourse. Oxygen consumption and 
respiratory workload during coitus are 
considerable. Patients having moderate 
COPD can have erections which become lost 
during coitus due to development of severe 
dyspnea. Those patients having severe COPD 
with dyspnea at rest or with minimal exertion 
avoid the sexual act. The use of an inhaled 
bronchodilator just before intercourse and the 
use of passive coital positions such as the 
lateral position or the female-above position, 
may help patients with COPD. The etiology 
and pathogenesis of ED in these patients is 
presented in table 12.2. 


Sexual Disorder Mechanism 


ISD Depression due to pain and physical limitations caused by arthritis 


Marked fatigue in systemic lupus erythematosus, rheumatoid arthritis, and 


polymyalgia rheumatica 


Painful movements caused by arthritis 


Side effects of drugs e.g. corticosteroids used in SLE and rheumatoid arthritis, 
antihypertensives and immunosuppressives used in SLE 


Other disease effects e.g. uremia in SLE 


ED Same mechanisms as ISD 


Mechanical interference 
with coitus 


Male dyspareunia 


Due to pain of arthritis or presence of joint deformities 


Painful penile ulcers in Behcet’s syndrome 


Interference with oral sex In presence of painful mouth ulcers in Behcet's syndrome and SLE 


Table 12.2 Etiology and pathogenesis of ED in COPD. 


Etiology Mechanism 


Psychogenic factors 


Anxiety about dyspnea and fear of suffocation during coitus 


Depression is common m patients with COPD 


Organic factors 


Neurologic 
with COPD 


Endocrinal 


Exercise intolerance Dyspnea 


Impairment of peripheral sensory and motor nerve conduction in patients 


Low plasma testosterone in patients with COPD 


Sex and tuberculosis 


Tuberculosis (TB) is an infectious sys- 
temic disease that can alter sexual functioning 
by its general debilitating effects or by its 
destructive effect on the genitourinary system. 
Because TB is known to be transmitted by 
close personal contact, it can also have 
adverse psychological effects on sexual 
functioning. 


Pulmonary TB 
Effect on libido and potency 


Decreased libido and ED are common in 
men with pulmonary TB. Decreased sexual 
functioning usually correlates with the extent 
of pulmonary disease and is due to the effects 
of illness, especially dyspnea on exertion. 
However, patients should know that effective 
treatment can lead to restoration of pre-illness 
sexual activity. 


Effect on sexual partner 


Pulmonary TB is transmitted by droplet 
infection and untreated patients are infectious. 
Patients using effective chemotherapy become 
noninfectious within few weeks and can 
resume sexual activity without fear of partner 
infection. The drugs used in treatment of TB 
have no specific side effect on sexual 
functioning. 


Genitourinary TB 


The sequence of spread of infection in 
men who develop genital TB is: Lungs, to 
kidneys, to prostate, to seminal vesicles, to 
epididymis. The prostate and seminal vesicles 
are infected in all men with genital TB, while 
the epididymis is infected in approximately 
60% of the cases. Patients present with the 
symptoms of epididymitis or chronic 
prostatitis and those with advanced disease 
become sterile due to obstruction of the 
epididymis, vas deferens or ejaculatory ducts. 
Tuberculous epididymitis presents as an 
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epididymal mass which is relatively painless, 
non-tender, indurated, firm and slightly 
irregular. Scrotal fistulas are now uncommon 
due to presence of effective chemotherapy. 


Laboratory diagnosis 


Diagnosis is confirmed by culture of urine 
or semen. Prostatic massage is contraindicated 
if a patient is suspected of having genital TB 
to avoid dissemination of infection. 


Transmission to sexual partner 


Men with genital TB usually have a large 
number of bacilli in their urine. However, 
transmission of infection via semen is 
unlikely. Thus even when untreated, genital 
TB would not be considered as a sexually 
transmitted disease. 


Sex and chronic liver disease 


Most men with chronic liver disease 
(hepatitis, cirrhosis) have clinical and 
biochemical evidence of hypogonadism. Lack 
of libido and ED is a main complaint. Body 
hair is diminished and gynecomastia may be 
present. The testes are small and soft and 
biopsy shows atrophy. Semen may show 
oligozoospermia, | asthenozoospermia and 
teratozoospermia. Prostate size is reduced, and 
there is decreased incidence of benign 
prostatic hypertrophy. 


In well compensated liver disease, the 
total plasma testosterone level is in the low 
normal range (it decreases as disease 
progresses), but the amount of free tes- 
tosterone is markedly reduced due to increase 
in SHBG. There is not only physiologically 
less active circulating testosterone, but also 
greater conversion of testosterone to estradiol 
leading to elevation of plasma estradiol levels. 
Spironolactone, used to treat some cases of 
liver disease may itself cause ED and 
gynecomastia. Gonadotropin levels are often 
normal in chronic liver disease and 
hyperprolactinemia is sometimes present. 


If the liver disease is due to chronic 
alcoholism, ED will improve in about 50% of 
the patients who abstain from alcohol. 
Unfortunately, little help is available for other 
patients. Administration of testosterone leads 
not only to increased plasma testosterone but 
also to increased estrogen levels with the 
result that although there may be some 
alleviation of the features of hypogonadism, 
increased feminization also occurs. 


Sex and obesity 


Increased weight (BMI 25-29.9) and 
obesity (BMI > 30.0) do not interfere with 
sexuality in many persons. On the other hand, 
obesity is a risk factor in as many as 85% of 
men with ED, and may influence sexuality via 
several different mechanisms. 


Sex hormones in obesity: In males, 
obesity is associated with somewhat low 
plasma testosterone level, and raised plasma 
estrogens. The level of SHBG, however, is 
usually low so that the free testosterone is 
usually normal. There is no clear evidence that 
obese men are prone to low sexual interest. 


Concomitant association with hypo- 
gonadism: e.g. Prader-Willi syndrome, 
Laurence-Moon-Biedle syndrome, and 


Cushing’s syndrome. 
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Association with medical diseases that 
may affect sexuality: Obesity is commonly 
associated with diabetes mellitus, hypertension 
and arthritis. Altered insulin secretory 
dynamics and insulin resistance are present in 
obese persons even without overt diabetes. 
Insulin resistance leads to endothelial 
dysfunction which causes decreased penile 
blood flow and ED. 


Dyspnea during coitus: Due to the 
physical exertion of sexual activity. 


Mechanical difficulties during coitus: 

In massively obese persons intravaginal 
coitus may be impossible especially if both 
partners are obese. If only one partner is 
hyper-obese, the other thin partner may suffer 
both when being underneath or when 
attempting to straddle the other obese partner. 


Psychological factors: Obese persons 
commonly have problems with their body 
image and self-esteem and have an increased 
incidence of depression. These factors may 
lead to avoidance of sexual activity. Treatment 
of obesity by weight reduction or by intestinal 
bypass surgery in the hyper-obese, frequently 
leads to improvement in self-esteem, 
interpersonal relations, and sexual activity. 


Section 2: Effect of disease on male sex 


Chapter 13: Sex and drugs 


Side effects of drugs on male 


sexuality 


Drugs may cause side effects involving 
the sexual function. Table 13.1 illustrates 
these side effects in men. These effects may be 
produced via several mechanisms (Table 
13.2). Drugs affecting male sexual desire, 
erection, ejaculation and those causing 
gynecomastia or depression of 
spermatogenesis are given in tables 13.3, 4, 5, 
6, 7 respectively. 


Some important points must be known 
about the side effects of drugs on sexual 
functioning: 


1. The sexual side effects do not occur in all 
patients taking the drug but only some. 


2. The sexual side effects of drugs affecting 
the sexual response usually disappear within 
2 weeks after stop of the drug. 


3. The sexual side effects of some drugs are 
dose-dependent and reduction of the dose may 
cause amelioration or disappearance of the 
sexual effect e.g. methyldopa, propranolol, 
hydralazine, spironolactone, anti-psychotics, 
antidepressants, and alcohol. 


Exogenous administration of androgens to 
men with normal endogenous testosterone 
production do not increase libido nor potency 
but otherwise causes suppression of the 
hypothalamic-pituitary- testicular axis leading 
to depression of spermatogenesis and tes- 
ticular atrophy. Gynecomastia may occur due 
to metabolization of androgens to estrogens. 


Some drugs may cause priapism. These 
include thioridazine, cocaine, heparin, 
guanethidine, hydralazine, trazodone, prazo- 
sin, labetalol, and testosterone. 
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It is important to know that the pattern 
of ED caused by drugs is organic. 


Some antihypertensive drugs have low 
risk of ED and can be substituted for other 
antihypertensive drugs that cause ED. These 
drugs include: 


1. Selective a1 adrenoceptor antagonists e.g. 
doxazosin (used also for benign prostatic 


hyperplasia). 
. ACE inhibitors e.g. captopril. 


. Angiotensin II type I (AT1) receptor 
antagonist e.g. losartan. 


. Calcium channel blockers e.g. nifedipine, 
diltiazem. 


Anti-androgens cause blockade of 
circulating androgens by inhibiting production 
or antagonism at the androgen receptor (AR). 
It is thought that androgens modify sexual 
behaviour chiefly by modulating sexual desire 
via AR within the CNS. It has been suggested 
that spontaneous erections during REM sleep 
are androgen dependent whilst psychogenic 
erections in response to visual sexual 
stimulation are androgen independent. It is 
also suggested that dihydrotestosterone may 
be the important androgen in peripheral sexual 
responses such as penile erection. 


The anti-androgen with least effect on 
circulating testosterone is the 5-alpha 
reductase inhibitor, finasteride, which is used 
in the treatment of symptoms due to benign 
prostatic enlargement (BPE) and male pattern 
alopecia. With treatment with finasteride 5mg 
daily for BPE, 5% of men complained of 
sexual symptoms of decreased desire and ED. 
At the lower dose of Img daily used to treat 
male pattern alopecia no sexual dysfunction 
was seen. 


Table 13.1 : Effect of drugs on male sexuality. 


Drug The sexual response Other sexual Mechanism 
effects 
ISD ED Asper mia 
Antihypertensives 
Centrally acting 
Methyldopa + + + Central depressant of 
CNS 
Hyperprolactinemia 
Clonidine + + Central depressant of 
CNS 
Ganglion blockers + + Adrenergic blockade 
a-adrenergic 
blockers 
Indoramine + Adrenergic blockade 
Phenoxybenzamine + Adrenergic blockade 
Phentolamine + Adrenergic blockade 
Prazosin + + + Priapism Adrenergic blockade 
B-adrenergic blockers 
Propranolol + + Peyronie’s disease Adrenergic blockade 
Metoprolol + Peyronie’s disease Adrenergic blockade 
Atenolol Peyronie’s disease Adrenergic blockade 
Adrenergic neurone 
blockers (a-and ß) 
Guanethidine + + Adrenergic blockade 
Bethanidine Adrenergic blockade 
Reserpine + Gynecomastia Central depressant of 
CNS 
Adrenergic blockade 
Hyperprolactinemia 
Labetalol + + Priapism Adrenergic blockade 
Direct smooth muscle 
relaxants 
Hydralazine + + Priapism Neuropathy 
Diuretics 
Thiazides, + Hypokalemia 
furosemide 
Spironolactone + + Gynecomastia Anti-androgenic effect 
Hyperestrogenemia 
Psychotropic drugs 
Anorectic drugs + Chronic brain 
stimulation 
Minor tranquilizers 
Meprobamate + Central depressant of 
CNS 
Benzodiazepines + + + Central depressant of 
CNS 
Barbiturates + + + Central depressant of 
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CNS 


Anti-androgenic effect 


Drug 


The sexual response 


Other sexual 
effects 


Mechanism 


ISD ED Aspermia 
Antipsychotics 
Phenothiazines + + + Gynecomastia Central depressant of 
Priapism CNS 
Adrenergic blockage 
Cholinergic blockade 
Hyperprolactinemia 
Anti-androgenic effect 
Haloperidol + + Gynecomastia Hyperprolactinemia 
Antidepressants 
Tricyclics + + + Gynecomastia Cholinergic blockade 
Hyperprolactinemia 
Trazodone Priapism Adrenergic blockade 
SSRIs + + Inhibition of NO 
production 
Anticonvulsants + + Anti-androgenic effect 
Hormones 
Estrogens + + + Hyperestrogenemia 
Antiandrogens 
Cyproterone + + + Gynecomastia Anti-androgenic effect 
acetate 
Corticosteroids + Anti-androgenic effect 
Miscellaneous drugs 
Digoxin + + Gynecomastia Hyperestrogenemia 
Anti-androgenic effect 
Disopyramide + Cholinergic blockade 
Anticholinergic + Cholinergic blockade 
drugs 
Cimetidine + + Hyperprolactinemia 
Anti-androgenic effect 
Indomethacin + Prostaglandin 
inhibition 
Methylsergide + Serotonin antagonism 
Clofibrate + + Anti-androgenic effect 
Ketoconazole + + + Gynecomastia Anti-androgenic effect 
Metoclopramide + + Hyperprolactinemia 
Metronidazole + Unknown 
Non-medical chemicals 
Agricultural fungicides 
Halogenated + + Neuropathy 
aromatic 
hydrocarbons 
Industrial exposure 
Carbon disulphide + + Neuropathy 
Premature 
arteriosclerosis 
Mangan intoxication + Degeneration of 
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ganglion cells 


Drug The sexual response Other sexual Mechanism 
effects 
ISD ED Aspermia 
Addictive drugs 

Nicotine (smoking) + Vasoconstriction of 
penile vessels 

Amphetamine (high or + + + Chronic brain 

chronic doses) stimulation 

Alcohol (> 2 drinks) + + + Central depressant of 
CNS 

Chronic alcoholism + + + Gynecomastia Central depressant of 
CNS 
Neuropathy 
Hyperprolactinemia 
Hyperestrogenaemia 
Anti-androgenic effect 

Cannabis Anti-androgenic effect 

Opiates + + Central depressants of 
CNS 
Hyperprolactinemia 
Anti-androgenic 
effects 
Adrenergic blockade 

Cocaine (heavy or + + + Priapism General CNS stimulant 


prolonged use) 


Augments sympathetic 
functions 


Table 13.2: Mechanisms of drug effects on male sexuality. 


Mechanism 


Drugs 


Affection of the nervous 
system 


CNS: central depressant or 
sedative effect 


Peripheral NS: neuropathy 


Autonomic NS 


a-adrenergic blockade 


B-adrenergic blockade 


o and B -adrenergic 
blockade 


Adrenergic and 
cholinergic blockade 


Cholinergic blockade 


Affection of endocrine 
functions 


Hyperprolactinemia 


Hyperestrogenemia 


Anti-androgenic effect 


Methyldopa, clonidine, reserpine, benzodiazepines, meprobamate, 
barbiturates, phenothiazines, alcohol (high dose), opiates 


Hydralazine, chronic alcoholism, halogenated aromatic hydrocarbons, 
carbon disulphide 


Indoramin, phenoxybenzamine, phentolamine, prazosin, phenothiazines, 
opiates 
Propranolol, metoprolol, atenolol 


Adrenergic neurone blockers e.g. guanethidine, bethanidine, reserpine, 
labetalol 


Ganglion blockers e.g. hexamethonium, phentolinium, mecamylamine 


Anticholinergic drugs, phenothiazines, tricyclic antidepressants, 
dysopyramide 


Methyldopa, reserpine, phenothiazines, haloperidol, tricyclic 
antidepressants, cimetidine, metoclopramide, chronic alcoholism, opiates 


Spironolactone, exogenous estrogens, digoxin, chronic alcoholism 
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Low plasma testosterone 


Decreased pituitary LH — Barbiturates, phenothiazines, corticosteroids, digoxin, chronic 


production alcoholism, opiates 
Decreased testicular Spironolactone, ketoconazole, chronic alcoholism 
steroidogenesis 


Increased plasma SHBG Anticonvulsants, chronic alcoholism 


Increased peripheral Spironolactone, chronic alcoholism 
conversion to estrogen 

Biological antagonism with Exogenous estrogens 

androgens 


Competition for androgen Cyproterone acetate, cimetidine, spironolactone, clofibrate 
receptors 


Table 13.3: Drugs depressing the sexual desire. 


Mechanism Drugs 

Central depressant effecton | Methyldopa, clonidine, propranolol, reserpine, benzodiazepines, 

CNS barbiturates, phenothiazines, alcohol (high dose), chronic alcoholism, 
opiates 

Hyperprolactinemia Methyldopa, reserpine, haloperidol, tricyclic antidepressants, cimetidine, 
metoclopramide, chronic alcoholism, opiates 

Hyperestrogenemia Spironolactone, exogenous estrogens, digoxin, chronic alcoholism 

Anti-androgenic effect Spironolactone, barbiturates, anticonvulsants, cyproterone acetate, 


medroxyprogesterone, corticosteroids, digoxin, cimetidine, clofibrate, 
ketoconazole, chronic alcoholism, opiates 


Table 13.4: Drugs causing erectile dysfunction. 


Mechanism Drugs 

Neurologic 
Central depressant effect | Methyldopa, clonidine, meprobamate, benzodiazepines, barbiturates, 
on CNS phenothiazines, alcohol (high dose), opiates 
Neuropathy Hydralazine, halogenated aromatic hydrocarbons, carbon disulphide, 


chronic alcoholism 


Beta-adrenergic blockade Propranolol, adrenergic neurone blockers (guanethidine, bethanidine, 
reserpine, labetalol) 


Endocrinal 
Hyperprolactinemia Phenothiazines, haloperidol, tricyclic antidepressants, cimetidine, 
metoclopramide. chronic alcoholism, opiates 
Hyperestrogenemia Exogenous estrogens, digoxin, chronic alcoholism 
Anti-androgenic effect Spironolactone, barbiturates, phenothiazines, anticonvulsants, cyproterone 


acetate, digoxin, cimetidine, clofibrate, ketoconazole, chronic alcoholism, 
cannabis, opiates 
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[SOT] 


Table 13.5: Effects of drugs on ejaculation. 


Drug class Drug Mechanism of action Effect on ejaculation/or gasm 
4 latency Îlatency Absent Retrograde Spont. Other 
ejaculation ejaculation ejaculation 
Analgesics 
NSAID’s Naproxen Inhibition of cyclo-oxigenase (inhibition x 
of prostaglandin synthesis) 
Opioids Methadone u Agonistic activity (inhibition of activity x 
in locus coeruleus-nucleus related with 
anxiety and fear) 
Morphine u Agonistic activity (inhibition of activity x 
in locus coeruleus-nucleus related with 
anxiety and fear) 
Antihypertensives 
Alpha blockers Phenoxybenzamine a, adrenergic blockage x 
Alpha and beta blockers Labetolol o4 adrenergic blockage 
Clonidine Q adrenergic pre synaptic receptors x 
(decrease adrenergic tonus) 
Centrally acting Guanethidine Sympathetic blockage (by noradrenaline x x 
depletion) 
Methyldopa Central oO, adrenergic agonistic action 
Reserpine Sympathetic blockage (by noradrenaline 
depletion) 
Anti-parkinsonism drugs 
Bromocryptine Antagonism of D; receptors x 
L-DOPA Agonistic action in dopaminergic 
receptors and residual agonist in & and B 
adrenergic receptors 
Pergolide Potent agonist D> action 
Appetite suppressants Mazindol Agonistic action in & and B adrenergic 


receptors 
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Drug class Drug Mechanism of action Effect on ejaculation/orgasm 
{latency latency Absent Retrograde Spont. Other 
ejaculation ejaculation ejaculation 
Cytotoxics Methotrexate x 
Vincristine x 
Hormone antagonists Cyproterone acetate Antagonism of prostatic androgenic x 
receptors 
Hypnotics and sedatives Barbiturates (all) Increase of gabaergic tonus 
Lithium Reduction of neurones reaction to a- 
adrenergic stimulation (blockage of IP3 
production) 
Psycho-pharmaceuticals 
Antidepressants SSRIs Increase of serotoninergic tonus, x x 
especially by agonistic action in SHT2 and 
5 HT3 receptors 
Trazodone Blockage 0; adrenergic x 
MAOT s Increase of serotoninergic and x x 
noradrenergic tonus 
Isocarboxazid Increase of serotoninergic and x x 
noradrenergic tonus 
Phenelzine Increase of serotoninergic and x x 
noradrenergic bonus 
Tranylcypromine Increase of serotoninergic tonus 
Anxiolytics Benzodiazepines Increase of gabaergic tonus 
Neuroleptics Chlorpromazine Blockage of dopaminergic receptors and x 
residual blockage of a; adrenergic 
receptors 
Phenothiazines Fluphenazine Blockage of dopaminergic receptors and x 
residual blockage of a, adrenergic 
receptors 
Levomepromazine Blockage of dopaminergic receptors and x 


residual blockage of a, adrenergic 
receptors 
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Drug class Drug Mechanism of action Effect on ejaculation/or gasm 
{latency Îlatency Absent Retrograde Spont. Other 
ejaculation ejaculation ejaculation 
Perphenazine Blockage of dopaminergic receptors and x x 
residual blockage of a, adrenergic 
receptors 
Pipothiazine Blockage of dopaminergic receptors and x x 
residual blockage of a, adrenergic 
receptors 
Thioridazine Blockage of dopaminergic receptors and x x 
antagonism of muscarinic receptors 
Trifluoperazine Blockage of dopaminergic receptors and x x 
residual blockage of a; adrenergic receptor 
Thioxanthenes Chlorprotixene Blockage of dopaminergic receptors and x x x 
residual blockage of a, adrenergic 
receptors 
Thioxitene Blockage of dopaminergic receptors and x x 
residual blockage of a; adrenergic 
receptors 
Zuclopenthixol Blockage of dopaminergic receptors and x 
residual blockage of a, adrenergic 
receptors 
Butyrophenones Haloperidol Blockage of dopaminergic receptors and Painful 
residual blockage of a, adrenergic ejaculation 
receptors 
Diphenylbutylpiperidines Pimozide Blockage of dopaminergic receptors and x x x 
residual blockage of œ, adrenergic 
receptors 
Muscle relaxants Baclofen Agonistic action GABA B receptors x x 
Urinary tract 
Alpha blockers Alfuzosin Alpha-adrenergic blockage 
Phenoxybenzamine Alpha-adrenergic blockage 
Prazosin Alpha-adrenergic blockage 
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Drug class Drug Mechanism of action Effect on ejaculation/or gasm 
{latency Îlatency Absent Retrograde Spont. Other 
ejaculation ejaculation ejaculation 
Tamsulosin Alpha-adrenergic blockage x 
Terazosin Alpha-adrenergic blockage x 
Alpha reductase inhibitors Finasteride 5 Alpha reductase 2 inhibition leads to Less 
decrease of prostatic DHT ejaculatory 
(dihydrosterone) volume 
Recreational drugs 
Alcohol Increase of gabaergic tonus and blockage x x 
of NMDA receptors 
Amphetamines Increase of noradrenaline and dopamine x x 
activity 
Amyl-nitrite (poppers) Reduction of adrenergic tension in x 


Cocaine 


Heroin 


Marihuana 
Methadone 


Tobacco 


contractility of human seminal vesicle by 

NO-cGMP pathway 

Increase of catecholamines activity by x x 
noradrenaline and dopamine reuptake 

u Agonistic activity (inhibition of activity X x 
in locus coeruleus-nucleus related with 

anxiety and fear) 

Activation of LB1 receptors cannabinoidis 

u agonistic activity (inhibition of activity 

at locus coeruleus-nucleus related with 

anxiety and fear) 


Activity in cholinergic and noradrenergic x x 
transmission 


Table 13.6: Drugs causing gynecomastia. 


Mechanism Drugs 

Hyperprolactinemia Reserpine, phenothiazines, haloperidol., tricyclic antidepressants, 
cimetidine, chronic alcoholism 

Hyperestrogenemia Spironolactone, exogenous testosterone in normal men, digoxin, chronic 


Anti-androgenic effect 


alcoholism 


Cyproterone acetate, ketoconazole 


Table 13.7: Drugs depressing both sexual and sper matogenic function. 


Drug Mechanism 

Spironolactone Hyperestrogenemia ---> biological antagonism with androgens 
Decreased testicular steroidogenesis 
Increased peripheral conversion of androgen to estrogen 
Competition for androgen receptors 

Phenothiazines Hyperprolactinemia 


Exogenous testosterone to 
normal men 


Exogenous estrogens 
Cyproterone acetate 
Corticosteroids > 30 mg/day 


Cimetidine 


Chronic alcoholism 


Cannabis 


Decreased pituitary LH production 


Inhibition of hypothalamic-pituitary- gonadal axis 


Hyperestrogenemia ---> biological antagonism with androgens 
Competition for androgen receptors 


Decreased pituitary LH production 


Hyperprolactinemia 

Competition for androgen receptors 

Hyperprolactinemia 

Hyperestrogenemia --> biological antagonism with androgens 
Decreased pituitary LH production 

Decreased testicular steroidogenesis 

Increased plasma SHBG 

Increased peripheral conversion of androgen to estrogen 


Decreased plasma testosterone level 
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Section 3: Psychogenic sexual dysfunctions 


Chapter 
Etiology and diagnosis 


Introduction 


Psychologic and interpersonal factors 
play a major role in both the etiology and 
maintenance of sexual problems. However, 
especially in men, the importance of these 
factors has been downplayed due to the 
initial success of the novel phospho- 
diesterase type 5 inhibitors (PDE-5i) for the 
treatment of erectile dysfunction. More 
recently, as men discontinued treatment 
with PDE-5 inhibitors at higher than ex- 
pected rates, the importance of the potential 
psychologic and interpersonal influences in 
the etiology, maintenance and course of 
treatment of male sexual dysfunction has 
regained prominence. 


It was previously said that over 90% of 
ED is psychogenic. It is now known that the 
etiology of ED is predominantly organic. 
However, all ED of organic origin has also a 
psychogenic aspect i.e. is mixed. 


14: Psychogenic sexual dysfunctions: 


Etiology 
Pathogenesis 


The etiology of specific psychogenic sexual 
dysfunctions is discussed with each of these 
dysfunctions. Herein is presented the general 
effects of psychological factors on the sexual 
function. A psychogenic sexual dysfunction may 
have a predisposing, a precipitating, and one or 
more maintaining factors. These factors are 
presented in table 14.1. The predisposing factors 
are those experiences acquired early in life which 
have made a person vulnerable to developing 
sexual difficulties at a later stage (Table 14.2). 
The precipitating factors are events or experiences 
associated with the initial appearance of a sexual 
dysfunction (Table 14.3). The maintaining factors 
which cause persistence of the dysfunction are 
presented in table 14.4. Some common sexual 
myths are shown in table 14.5. Marital discord 
and the unhealthy marital interactions that can 
predispose, precipitate, or maintain sexual 
dysfunctions are presented in table 14.6. 


Table 14.1: Psychological causes of sexual dysfunctions. 


Causes 


Predisposing factors 


Restrictive upbringing 


Poor parent-child relationship 


Precipitating factors 


Maintaining factors 


Sexual ignorance 

Traumatic early sexual experience 
Sexual deviations 

Marital discord 

Random failure 

Dysfunction in the partner 
Infidelity 

Psychiatric illness 

Childbirth 

Aging 

Reaction to organic factor 
Traumatic sexual experience 

Poor communication 

Loss of attraction between partners 


Patient and partner reactions to the dysfunction 
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Table 14.2: Effect of predisposing psychological factors on sexuality. 


Factor 


Sexual dysfunction 


Mechanism 


Restrictive upbringing e.g. 
Coitus is painful Vaginismus 


Sex is a duty to please husband 


Inhibited female response 


Fear of injury 


Guilt about desire or enjoyment 


only (desire, arousal, or orgasm) 


A good woman is for love, a bad 
one is for sex 


Poor parent-child relationship 


Selective ED (loved wife "no" 
sexy bad woman "yes") love 


Poor communication, hurried 


Separation of sexual desire and 


Fear of intimacy 


foreplay, sex avoidance 


Sexual ignorance 


Inadequate sex education 


Unconsummated marriage, 


Sexual anxiety 


female orgasmic dysfunction 


Sexual myths 
Traumatic early sexual experience 
Sexual deviations 

Homosexuality ED 


Special requirements for arousal ED 
e.g. clothes, words 


Various dysfunctions 


Female orgasmic dysfunction 


Sexual anxiety 


Sense of guilt, fear of injury 


Sexual anxiety 


Sexual anxiety 


Performance anxiety 


Performance anxiety is the crucial 
pathogenic factor for maintaining sexual 
difficulties. Performance anxiety is the fear of 
sexual failure based on previous failures - a 
common maintaining contribution for almost 


all male and female sexual dysfunctions. 
Performance anxiety is the central causal 
factor interfering with sexual arousal since it 
serves as a distraction from sensual feelings, 
undermines sexual self-confidence and 
ultimately, contributes to sexual avoidance. 


Table 14.3: Effect of precipitating psychological factors on sexuality. 


Factor 


Dysfunction 


Mechanism 


Marital discord 


Random failure 


Dysfunction in the 
partner 


Infidelity 


Childbirth 


Aging 


Reaction to organic 
factor 


Traumatic sexual 
experience 


Poor communication, 
loss of attraction 


ED and/or premature ejaculation 
Female orgasmic dysfunction 
Persistent ED 

ISD 


ISD 
ED 
ISD 


ISD 

ED 

Dyspareunia 

ISD 

ED 

Inhibited female arousal 


Sex avoidance or inhibited response 
(desire, arousal, orgasm) 


ED, male or female orgasmic dysfunction 


Anger at partner 
Anger at partner 
Performance anxiety 


Anger at partner 


Anger at, or sense of guilt in, the 
unfaithful partner 


Tiredness, depression, 
dyspareunia 

Sexual ignorance 

Loss of attraction 

Decreased vaginal lubrication 


Depression, decreased self- 
esteem, fear of harm, a negative 
partner reaction 


Sense of guild (e.g. rape), fear of 
pregnancy (if pregnancy is not 
wanted) 


Absence of adequate erotic 
stimulation 
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Table 14.4: Psychological factors maintaining psychosexual dysfunctions. 


Item Factors 


Factors in the dysfunctional Performance anxiety (obsessive concern with adequate sexual 
partner performance) 
Decreased self-esteem (feeling being incomplete as a man or a woman) 
Guilt (about partner sexual dissatisfaction) 
Factors in the non- Anger (due to disappointment) 
dysfunctional partner Worries (feelings of not really loved and of being responsible for the 
problem through personal inadequacy) 


Factors in both partners Avoidance of sexual behavior (periodic hugs, caresses, kisses, and 
intercourse decrease in frequency) 


Avoidance of discussing sex (and diminished communication) 


Spectatoring (preoccupation with and mentally watching how things 
proceed) 


Thoughts, fantasies, and dreams of partner substitution Masturbation 


Anticipation of failure 


Table 14.5 : Some common sexual myths. 


Men are sex machines and they are always ready for sexual activity 
Women are less interested in sex than men 

Sex should always be started by the man’s will 

Women who initiate sex are immoral 

Masturbation by either partner is abnormal 

Sex equals intercourse and anything else does not really count 
Getting erection without orgasm is harmful 


Simultaneous orgasms are essential for sexual satisfaction 


SO DO OSI Bar AGS: E 


Sexual fantasies during intercourse are wrong 


— 
© 


. Excessive masturbation leads to clitoral hypertrophy 


— 


. Morning erection is due to a full bladder 


= 
N 


. A big penis is necessary for male sexual adequacy and female sexual satisfaction 


= 
W 


. Sexual desire and performance disappear with aging 


= 
P 


. Erectile ability deteriorates with disuse 


15. All women are alike and the same sexual technique is suitable to satisfy lovemaking 


Table 14.6: Marital transactions contributing to sexual dysfunctions. 


1. Lack of trust and security 
2. Power struggles for domination of the other spouse 
3. Unrealistic expectations of the marriage and the partner 


4. Absence of communication about sex leading to absent partner knowledge about sexual wishes and 
preferences 


5. Anti-sexual behavior: covert behaviors, leading to sexual discouragement or frustration but without 
clearly evident avoidance or refusal 


* Putting pressure and tension before sexual activity e.g. quarreling, making demands, criticizing, etc.. 


* Making oneself repulsive (odor, obesity, clothes, etc.) 

* Frustrating the partner’s sexual wishes (coital positions, oral sex, morning sex, duration of foreplay, 
etc.) 

* Improper timing for sexual activity (when partner is fatigued, preoccupied, etc..) 
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Effect of sexual dysfunction on the partner 


Female sexual dysfunction may 
contribute to the onset, exacerbation and 
maintenance of psychogenic ED. On the other 
hand, in males with ED, about one-third of 
female partners may develop decrease in 
sexual desire, orgasmic dysfunction, decreased 
sexual satisfaction and decreased frequency of 
lovemaking. Improvement of female sexual 
dysfunction followed men’s use of PDESIs. 
Approximately 50% of female patients with 
sexual problems, such as not enjoying sex or 
anorgasmia, had partners with PE. 


Depression and sexual function 


Depression has a powerful impact on all 
aspects of male and female sexual response: 
desire, arousal and orgasm. ED may stimulate 
the development of depression in vulnerable 
individuals. Also, depression may cause ED. It 
is likely that the relationship between 
depression and ED is bi-directional. 


Clinical Assessment 
Sexual function assessment in the male 


As recommended by the 2" International 
Consultation on Sexual Dysfunction the 
sexual, medical and psychosocial history are 
the essential elements in the basic evaluation 
and should be obtained in all male patients 
presenting with complaints of sexual 
dysfunction (A sexual function checklist to be 
filled out in general practice or specialty 
settings is provided in table 14.8). 


The essential components of sexual 
function assessment in the male always 
include erectile response (onset, duration, 
progression, severity of the problem, nocturnal 
/ morning erections, self, stimulatory and 
visually erotic-induced erections), sexual 
desire, ejaculation, orgasm, sexually related 


genital pain disorders and partner sexual 
function, if available. Often, a dysfunction in 
one phase may precipitate a dysfunction in 
another. For instance men with erectile 
dysfunction may report a loss of sexual desire 
or the onset of premature ejaculation. 


Clinical assessment of psychologic and 
interpersonal factors 


The patient’s psychologic state must be 
assessed in every case, with special attention 
to symptoms of anxiety or depression, past 
and present partner relationships, history of 
sexual trauma/abuse, occupational and social 
stressors, health issues in either partner, 
infertility, child-rearing difficulties, economic 
status, and educational level. A critical aspect 
of assessment is the identification of patient 
needs and expectations, personal priorities and 
treatment preferences, which may be 
significantly influenced by cultural, social, 
ethnic and religious perspectives. 


Although not always possible on the first 
visit, effort should be made to involve the 
patient’s partner early in the process. 
However, it may not always be possible or 
practical for the partner to be present. Partner 
participation may be influenced by cultural 
and social expectations, as well as patient 
needs and preferences. 


Diagnosis of psychogenic ED 


Variability of erectile function is the 
hallmark of psychogenic ED. 


However, most men do not present with 
psychogenic ED. The majority of men have 
mixed ED, that is a combination of organic 
and psychologic/interpersonal factors that 
contribute to the onset and maintenance of 
ED. 


Table 14.7: Distinguishing features of erectile dysfunction. 


Erectile dysfunction Psychogenic Organic 
Onset Acute Insidious 
Relationship with existential event Present Absent 
Relationship with physical disease Absent Present 


Characteristics 


Nocturnal erections 
Spontaneous erections 


Erections on masturbation 


Selective, intermittent, 
transitory 


Present/reduced 
Present/reduced/absent 


Present 


Worsening, absolute 


Absent 
Absent 
Absent 
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Table 14.8: Medical, psychosocial and sexual assessment questionnaire. 


Please answer the following questions about your overall sexual function in the past 3 months: 

Chronology 

e When was the last time you had a satisfactory erection? 

e Was the onset of your problem gradual or sudden? 

e When was your last normal erection? 

Quantify 

e Do you have morning or night-time erections? 

e On a scale of 1 to 5 rate your rigidity during sex? 
12345 

e With sexual stimulation can you initiate an erection? 

e With sexual stimulation can you maintain an erection? 

Qualify 

e Is your erectile dysfunction partner or situational specific? 

e Do you lose erection before penetration, or before climax? 

e Do you have to concentrate to maintain an erection? 

e Is there a significant bend in your penis? 

e Do you have pain with erection? 

e Are there any sexual positions that are difficult for you? 

Libido/interest 

e Do you still look forward to sex? 

e Do you still enjoy sexual activity? 

e Do you fantasize about sex? 

e Do you have sexual dreams? 

e Are you easily sexually aroused (turned on)? 

e Do you have a strong sex drive? 

Ejaculation/orgasm/satisfaction 

e Are you able to ejaculate when you have sex? 

e Are you able to ejaculate when you masturbate?. 

¢ If you have a problem with ejaculating, is it: 

- You ejaculate before you want to? 

- You ejaculate before your partner wants you to? 

- You take too long to ejaculate? 

- You feel that nothing comes out? 

e Do you have pain with ejaculation? 

e Do you see blood in your ejaculation? 

e Do you have difficulty reaching orgasm? 

e Do you find your orgasm satisfying? 

e What percentage of sexual attempts are satisfactory to your partner? 

Are you satisfied with your sexual function ? 

Yes/No 

If No, please continue: 

e How long have you been dissatisfied with your sexual function? 

3 months, 6 months, | year, 2 years, more than 2 years? 

e What effect, if any, has your sexual problem had on your partner relationship/s? 

Little or no effect, moderate effect, large effect? 

e What is the most likely reasons for your sexual problem? 


- Medical illness or surgery 
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- Prescription medications 
- Stress or relationship problems 
- Don’t know 


Previous consultations 
e Have you consulted a physician or counselor for your sexual problems? 
e If yes, what type of physician or counselor have you consulted (check all that apply) 
- General practitioner 
- Urologist 
- Other specialist 
- Counselor or psychologist 
e Are you taking any medication or receiving medical treatment for your sexual problem? 
e If yes, what medical or other non-medical treatments are you using? 
How effective has the treatment been? 
e Not at all effective 
e Somewhat effective 
e Very effective 
What are your concerns about your sexual function ? 
(Check one or more) 
e Problems with little or no interest in sex 
e Problem with erection 
e Problem ejaculating too early during sexual activity 
e Problems taking too long, or not being able to ejaculate or have orgasm 
e Problems with pain during sex 
e Problems with penile curvature during erection 
e Other 
Which problem is most bothersome (circle) 1234567 
What are your concerns in your personal life? 
(Check for YES) 
. [have sexual fears or inhibitions 
. [have problems finding romantic / sexual partners 
. Iam uncertain about my sexual identity 
. I have been subjected to emotional or sexual abuse 


1 
2 
3 
4 
5. [have significant relationship problems with family members 
6. I have been under considerable emotional or physical stress 
7. I have a history of depression, anxiety, or emotional problems 
8. I have had a recent change in employment or financial status 
My sexual partner has problems with: 

(Check for YES) 

1. Health 

2. Sexual interest 

3. Sexual performance 

4. Sexual fears or inhibitions 

5 


. History of sexual abuse 
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Section 3: Psychogenic sexual dysfunctions 


Chapter 


dysfunctions 


Types of psychosexual therapy 


There are 3 main types of psychotherapy 
used in the treatment of psychosexual 
dysfunctions: educational, analytical, and 
behavioral psychotherapy. 


Educational psychotherapy 


It is a superficially type of psychotherapy 
done in the office (simple counseling). The 
doctor gives the patient the right sexual 
information and answers his questions about 
sex. It includes 3 main items: 


Sex education: Correction of sexual 
ignorance and/or sexual misunderstandings 
and giving information about sexual anatomy, 
physiology, and psychology. 


Problem explanation: To 
complaining of sexual dysfunction. 


patients 


Marital therapy: Giving information 
about the harmful effects of marital 
disharmony on sexual functioning and 
explaining the causes of marital transactions 


and how they affect sex. 
Analytical psychotherapy 


It is a deep type of psychotherapy, done 
to explore unconscious fears and/or 
inhibitions acquired during early childhood or 
later in life. It is given in settings in the office 
where the patient speaks freely to his doctor 
about his life experiences. It is 2 main types: 


Traditional psychoanalysis: The doctor 
does not interfere the patient but just listen and 
does not make suggestions. It is intended that 
the patient discovers by himself his 
unconscious fears and inhibitions which are 
then brought to consciousness and thus he 
may get insight about their harmful effect on 
his sexual functioning and try by himself to 
change them. 


Psychodynamic psychotherapy: The 
doctor actively interprets the patient 
information and explains to the patient their 
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15: Treatment of psychogenic sexual 


causes and effects on his sexual functioning 
with specific suggestions to overcome them. 


Behavioral psychotherapy 


This aims at the change of patient’s 
unwanted beliefs or acts by desensitization 

to them and/or reinforcement of wanted 
beliefs or acts. This type of therapy is 
achieved by prescribing sexual exercises 
(tactics and techniques) done at home in 
dysfunctions of the sexual response 
(homework sexual exercise) or in the office (in 
sexual deviations and vaginismus). 


Psychologic Treatment of Male 
Sexual Dysfunction 


Men with lifelong and acquired erectile 
dysfunctions typically achieve significant 
gains initially and over the long term, 
following participation in sex therapy. Men 
with acquired disorders tend to fare better than 
those with lifelong problems. Masters and 
Johnson reported initial failure rates of 41% 
and 26% for lifelong (primary) and acquired 
(secondary) erectile dysfunction, respectively. 
Their 2-5 year follow-up of this group 
indicated sustained gains. 


Masters and Johnson’s initial studies have 
been criticized for their methodological 
limitations. Their studies were not controlled 
and there were no placebo or waiting list 
controls used. Additionally, the treated group 
was a highly unusual, self selected group 
consisting of highly motivated patients who 
were required to attend Masters and Johnson’s 
two-week residential program with no other 
activity (like work or children) interfering 
with their treatment. This is obviously a very 
unrepresentative group of patients. In all 
likelihood these highly motivated patients 
inflated the reported efficacy of treatment. The 
significance of Masters and Johnson’s work 
lies in their innovative vision of treating 
couples and understanding the role of 
psychologic and interpersonal factors in the 


genesis of sexual problems. They were also 
the first to address the issue of performance 
anxiety. 


In a review of the studies of treatment for 
erectile dysfunction, some authors wrote, "the 
component parts of these treatments typically 
include behavioral, cognitive, systemic and 
interpersonal communication interventions. 
Averaging across studies, it appears that 
approximately two-thirds of the men suffering 
from erectile failure will be satisfied with their 
improvement at follow-up ranging from six 
months to six years”. 


Sex therapy treatment of ED consists of a 
variety of interventions such as systematic 
desensitization, sensate focus, interpersonal 
therapy, behavioral assignments, 
psychodynamic interventions, sex education, 
communications and sexual skills training and 
masturbation exercises. It has not been 
possible to statistically analyze the precise 
contribution of any of these single 
interventions to overall success. 


All studies with long-term follow-up 
indicate a tendency for men to relapse. To 
prevent relapse, it has been suggested that 


therapists schedule periodic “booster or 
maintenance” sessions following termination. 
Sex therapy 

Definition 


Sex therapy is a method of psychotherapy 
used for treatment of psychogenic 
dysfunctions of the sexual response in males 
and females and includes 3 basic items 


e Couples are treated conjointly i.e. as a 
marital unit. 


e Office psychotherapeutic sessions (educ- 
ational psychotherapy). 


e Sexual exercises done at home (behavioral 
psychotherapy). 


It was Masters and Johnson who 
pioneered the rational application of structured 
sexual exercises in the treatment of sexual 
dysfunctions. The basic aim is shifting of the 
couple’s objective away from the achievement 
of a sexual response, erection or orgasm, with 
concomitant performance anxiety resulting 
from spectatoring (self-observation), to the 
giving and receiving of pleasure and 
experiencing erotic feelings. 
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Although one partner is usually dysfunc- 
tional, sex therapy is done conjointly for the 
following reasons: 


e Psychogenic dysfunctions of the sexual 
response occur with a partner. 


e The sexual exercises need the participation 
and cooperation of two sexual partners. 


Psychogenic sexual dysfunctions are 
commonly precipitated or perpetuated by 
marital discord which can be dealt with by 
marital therapy conducted during the 
psychotherapeutic sessions. 


Office psychotherapeutic sessions are 
basically educational and comprise the 
following items 


e Sex education Simple information about the 
basic anatomy and physiology of the male and 
female sexual systems. 


e Dysfunction explanation: Explanation of the 
psychological prerequisites for good sexual 
functioning and the deleterious effects of fears 
and anxiety during sexual activity. 


e Marital therapy : Improvement of couple’s 
communication about sex, amelioration of 
power struggles and hostility, and correction 
of anti-sexual behaviors. 


e Management of negative reactions to sex 
therapy. 


e Homework assignments: Prescribing and 
explaining the homework sexual exercises and 
reviewing their results in subsequent sessions. 


The sexual exercises, which are be- 
havioral psychotherapeutic tactics and tech- 
niques are conducted by the couple at home 
and comprise specific sexual tasks depending 
on the type of sexual dysfunction. 


Masters and Johnson original programme 
of sex therapy 
This programme 
characteristics: 


has the following 


1. Intensive therapy: The office psycho- 
therapeutic sessions and the sexual exercises - 
are carried out daily for a limited period of 2 
weeks. 


2. Leaving home: Couples leave their home 
and live in motels nearby the sex clinic. 


3. Co-therapist: Office sessions are given by 
mixed gender co-therapists, a male and 
female. 


4. Routine sensate focus: Masters and 
Johnson employ the same routine and 
sequence of sexual tasks for all their patients, 
regardless of the of sexual dysfunction. 


5. Surrogate partners: Single patients were 
provided with a paid stranger partner to 
participate in the sexual tasks. 


Modified sex therapy 


Since the introduction of sex therapy for 
treatment of psychogenic sexual dysfunctions 
by Masters and Johnson in 1970, various 
therapists have introduced several 
modifications on the original programme and 
the modified programme is usually used now. 
These modifications are: 


1. Long term therapy: Instead of an intensive 
programme composed of daily sessions and 
sexual tasks for two weeks, a less intensive 
course without time limit is used. The 
commonest routine is one session weekly and 
the sexual tasks are done 3 times weekly. 


2. Homework tasks: The sexual exercises are 
done at home. 


3. Single therapist. 


4. Flexible treatment approach: The various 
sexual exercises are prescribed only when they 
are specifically indicated i.e. according to 
the type of sexual dysfunction. Thus routine 
sensate focus exercises are not prescribed for 
patients having premature ejaculation or 
vaginismus. 


5. Dealing with the symptomatic patient 
alone: Some patients refuse or are unable to 
bring their partners to the psychotherapeutic 
sessions. In such cases, the patient conveys 
the homework tasks to the other partner and 
takes the responsibility of explaining their 
aim, value and technique. This method 
deprives the therapist from direct judgment of 
marital transactions that may be contributing 
to the sexual dysfunction and from institution 
of possibly needed marital therapy. However, 
this method is better than nothing in these 
cases and many patients who have stable 
marital relationships can benefit from such 
approach to sex therapy. 


6. Surrogate partners: Their use is now 
abandoned. 


Sex therapy: First office visit 


The first visit to the sex clinic should cover 


the following aspects: 


e Diagnosis of the nature and etiology of the 
sexual dysfunction. 


e Assessment for suitability for sex therapy. 


e Planning the behavioral 
suitable for the dysfunction. 


programme 


e Problem explanation to the patient. 

e Prescribing the first homework sexual task. 
Assessment for suitability for sex therapy 
Indications of sex therapy 


1. Psychogenic disorders of the sexual 
response: 


* Desire phase: Inhibited sexual desire. 
* Arousal phase: ED, inhibited female arousal. 


* Orgasmic phase: Premature ejaculation, 
male anorgasmia, female anorgasmia. 


2. Sexual pain disorders: 

* Vaginismus. 

* Dyspareunia. 
Contraindications to sex therapy 


1. Single patients (it is immoral to use 
surrogate partners). 


2. Sexual dysfunctions of pure organic 
etiology e.g. neurologic impotence. 


3. Sexual dysfunction associated with 


psychiatric illness. 


4. Sexual dysfunction in drug addicts e.g. 
chronic alcoholism. 


5. Sexual deviations. 

6. Severe marital discord. 

7. Sexual dysfunction precipitated by marital 
infidelity. 

8. Deep sexual conflicts either evident or 


revealed during the course of attempted sex 
therapy. 


9. Poor motivation for therapy in one or both 
partners. 


10. Physically ill partner e.g. heart failure, 
neoplasia, etc. 


11. During pregnancy (sex therapy is 
postponed for 3 months after delivery). 


Sex therapy: Second office visit 


The second psychotherapeutic session 
should cover the following aspects: 
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Assessment of the results of the first 
homework sexual exercise. 


Sex education. 
Martial therapy (if needed). 


Management of negative reactions to sex 
therapy. 


Prescribing the second homework task if 
things are going well. 


Sex education 


Inadequate or inaccurate information about 
sexuality may contribute to the development 
and maintenance of sexual dysfunctions. 
Provision of accurate, sensible information is 
therefore an important component of sex 
therapy since this helps to dispel sexual myths, 
to alleviate sexual anxieties, and gives better 
understanding of normal sexual functioning. 
The educational session usually lasts about 20 
minutes and includes information about basic 
aspects of sexual anatomy, physiology, and 


psychology. 
Marital therapy 


Couples who are frankly hostile to each 
other are not treated by sex therapy. Some 
couples who undergo sex therapy prove to 
have hidden relationship hostilities or 
anxieties, usually unknown by the partners, 
and become uncovered during the 
psychotherapeutic sessions. Marital therapy is 
thus instituted when there is avoidance of the 
sexual tasks or there is a negative response to 
them, either after the first office session or 
after a period of improvement. Commonly, 
marital interactions contributing to sexual 
dysfunctions are ameliorated or cured by 
marital therapy (explanation, education, 
reassurance, improvement of communication) 
thus permitting further progression and 
improvement with sex therapy. Failure of 
marital therapy is usually indicative of the 
presence of a deep conflict in the resistant 
partner. In this situation sex therapy is stopped 
until the patient or his partner is treated for his 
conflict by dynamic analytical psychotherapy. 


Sex therapy: Further office visits 


These psychotherapeutic sessions include the 
following: 


e Assessment of the results of the previous 
homework sexual task. 
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e Marital therapy (if needed). 


e Management of negative reactions to sex 
therapy. 


e Prescribing the next homework sexual 
exercise. 


Sex therapy: Types of homework sexual 
tasks 


The main strategy of sex therapy is to 
reestablish normal sexual functioning. To 
reach this aim several behavioral tactics and 
structured techniques are used. These are not 
used in every case but prescribed according to 
the type of sexual dysfunction and the 
couple’s needs. 


Behavioral tactics 

1. Prohibition of coitus. 

2. Nudity. 

3. Light. 

4. Gradual exposure. 

5 .Use of sexual fantasies. 

6. Use of special coital positions. 


The female-above position: This is the 
commonest coital position used during 
treatment of most sexual dysfunctions by sex 
therapy as it gives many therapeutic 
advantages (ED, PE, inhibited female arousal 
and female orgasmic dysfunction). 


The lateral coital position: This is the 
second most common coital position used 
during sex therapy. 


Behavioral techniques 
1. Non-genital sensate focus 


These are sessions of caressing done by 
each partner to the other and include caressing 
of all the body except the genitalia and female 
breast. Kissing of the caressed areas can also 
be included. 


2. Genital sensate focus 


Besides body caressing the female breast 
and each partner’s genitalia are included. 


3. Vaginal containment without movement 


Either the female-above position or the 
lateral position is used. 


4. Vaginal containment with movement 


The couple introduce movement during 
vaginal containment and gradually progress to 
full sexual intercourse. 


5. Tease technique 


Genital stimulation (penile or clitoral) is 
interspersed with caressing or other non- 
genital body areas. 


6. Waxing and waning technique 


This technique is used during treatment of 
ED, once genital sensate focus exercises are 
well established and the man is having 
erections. During a homework session, once 
the man has strong erection, the partners 
should stop their caressing (both genital and 
non-genital) for a few minutes and allow the 
erection to subside. They should then resume 
caressing, with the woman slowly stroking the 
partner’s penis. The man will usually find his 
erection returns. The procedure can be 
repeated 2 or 3 times in a session. This 
technique serves to dispel the man’s fear of 
loss of erection and he would gain much con- 
fidence from observing the process of 
developing, losing and regaining erections. It 
also assists in removing the pressure a man 
might feel to sustain his erection throughout 
love play. 


7. The “stuffing” technique 


This technique is used when the penis is 
not fully erect. The partially erected penis is 
stuffed into the vagina with the female in the 
superior position. The wife uses one hand to 
separate the labia majora and minora, and with 
her other hand stuffs the penis into her vagina. 
This technique can he an aid to show both 
partners that full erection is not necessary for 
intromission, the increased sensation brought 
on by vaginal containment added with minimal 
female pelvic movements frequently lead to 
enough stimulation producing full erection. 


8. Bridge technique 


This consists of concomitant clitoral 
stimulation and vaginal intromission during 
treatment of females with coital orgasmic 
dysfunction. While the penis is inserted, the 
woman or her partner stimulates the clitoris 
until she reaches orgasm. This technique is 
done in the female-above or lateral position. 
Clitoral stimulation by the woman herself is 
better since she can increase stimulation 
according to her level of arousal. 


9. Masturbation 


Masturbation as a technique of therapy is 
used in the following disorders: 
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Premature ejaculation: Masturbation can 
be used in both single and married men as a 
training technique to prolong the plateau stage 
of sexual arousal before occurrence of 
ejaculation. He should be educated about the 
point of ejaculatory inevitability which he 
should try to identify during masturbation. He 
should prolong masturbation until he can last 
15 minutes before ejaculating. 


Male anorgasmia: A man who has never 
experienced ejaculation is first treated by 
allowing him to learn to ejaculate through 
masturbation, even if he has a partner. He 
should be advised to concentrate on the 
pleasurable sensations from masturbation 
using erotic fantasies or reading erotic 
literature, to enhance his arousal. 


Female anorgasmia: Women having 
primary absolute orgasmic dysfunction are 
first treated by self masturbation before 
proceeding into sex therapy to reach coital 
orgasm. 


10. The vibrator 


This is used to induce orgasm in female 
and male patients with absolute primary 
anorgasmia when self-masturbation fails. The 
results are much better in females. The 
vibrator provides the strongest and most 
intense clitoral stimulation known. If the 
woman has not experienced orgasm after a 
few weeks of regular masturbation, she is 
advised to purchase a vibrator. The round- 
headed “body-massager” type of vibrator is 
better for this purpose than a phallic-shaped 
vibrator. The vibrator may be applied either 
directly to the sensitive parts of the genitals 
(and to other parts of the body), or indirectly, 
by placing it over the fingers or over clothing. 
Most women who do not experience orgasm 
through masturbation do so with the help of a 
vibrator. Some women reach orgasm easily the 
first time they try the vibrator, but others, who 
are severely inhibited, have reported that they 
were able to achieve their first orgasm only 
after 45 minutes or so of stimulation. 


11. Techniques for extravaginal ejaculatory 
control 


Two techniques are commonly used for 
treatment of premature ejaculation: The stop- 
start technique, first introduced by Semans and 
the squeeze technique, introduced by Masters 
and Johnson. 


To perform these techniques the man 
should be on his back, focusing his attention 
fully on the sensations provided by his 
partner stimulating his penis. The wife can 
sit alongside him, or between his legs. She 
should play with his penis until he indicates 
that he feels himself become highly aroused 
and before reaching the point of ejaculatory 
inevitability, the wife applies the technique. 


The stop-start technique: In this 
technique the wife simply stops her penile 
stimulation. The man will notice that the 
premonitory orgasmic sensation disappears 
in a few seconds, but before his erection is 
lost, stimulation is resumed at his signal, and 
then stopped again just prior to orgasm. The 
couple should repeat this procedure for 3 
times before penile stimulation is permitted 
to continue to orgasm and the man ejaculates 
on the fourth time. The patient should not try 
to exert conscious control over his orgasm as 
this would interfere with perception of erotic 
sensations experienced during normal 
ejaculation. 


The squeeze technique: When the man 
indicates high arousal, the woman applies a 
firm squeeze to the head of the penis for 15- 
20 seconds. This will lead to inhibition of the 
ejaculatory reflex and sometimes there is also 
partial loss of erection. The site of squeezing 
should be demonstrated to the couple. The 
female thumb is put across the coronal sulcus 
at the base of the undersurface of the glans 
penis, while her forefinger and middle finger 
are placed on the dorsal surface of the penis 
adjacent to one another on either side of the 
coronal ridge. Rather a strong pressure is 
needed. This necessary amount of pressure is 
painful if the penis is flaccid but is painless 
when erect. The wife should allow about half 
a minute to pass after releasing her pressure 
on the penis and then return to penile 
stimulation. As with the stop-start technique, 
this procedure is repeated 3 time and on he 
fourth occasion the man proceeds to 
ejaculation. 


The stop-start and squeeze techniques are 
usually practiced for several sessions, at first 
with dry hands and later a lubricant can be 
used. The couple next proceed to exercises 
utilizing vaginal containment. 


12. Vaginal dilatation technique 


This technique is used for treatment of 
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vaginismus to extinguish the conditioned 
spasm of the muscles surrounding the vagina 
by means of systematic in vivo desensitization 
through gradual dilatation of the spastic 
introitus. The technique employs the following 
sequence: 


e The woman inspects her vaginal opening 
using a hand mirror. 


e Daily insertion of one of her fingers into her 
vaginal opening until comfortable. A lubricant 
may be used in all the dilatation exercises. 
Also, graduated dilators may be substituted for 
fingers. 


e Daily insertion of 2 fingers into vaginal 
opening until comfortable. 


e Daily insertion of three fingers into vaginal 
opening until comfortable. 


e Insertion of one or two fingers into vaginal 
opening by the partner. 


e Insertion of erect penis without thrusting and 
under patient’s control in the female-above 
position. 


e Vaginal containment with thrusting. 


Sex therapy: Treatment of specific sexual 
dysfunctions 


ISD in males and females 


The sexual tasks used are those classical 
exercises described by Masters and Johnson 
with their sequence i.e. non-genital sensate 
focus followed by genital sensate focus, 
vaginal containment without movement, and 
finally vaginal containment with movement. 
Patients are encouraged to use sexual fantasies 
and/or erotic material during sex therapy. 


Impaired female sexual arousal 


The classical Masters and Johnson 
programme with its 4 main components and 
sequence is used i.e. non-genital sensate focus, 
followed by genital sensate focus, non- 
demanding vaginal containment and finally 
vaginal containment with movement. 


Erectile dysfunction 


The classical Masters and Johnson 
programme with its 4 stages and sequences is 
used. 


Premature ejaculation 


The following sequence may be used: 


e Extravaginal ejaculatory control using the 


stop-start or the squeeze technique with dry 
hands. 


e Stop-start or squeeze technique using a 
lubricant e.g. petroleum jelly. This simulates 
the sensations produced by vaginal 
containment. 


e Stop-start intra-vaginally without move- 
ment in the female-above position after 
performing the stop-start or squeeze technique 
for 2-3 times before intromission. The wife 
should retain the penis intra-vaginally in a 
motionless manner. 


If the man becomes highly aroused he 
should signal his wife who lifts herself off her 
partner until the sensation of premonitory 
orgasm disappears, then mounts again. This 
procedure is repeated twice and then he is 
allowed to ejaculate in the third time. 


e Stop-start intra-vaginally with movement. 
The wife moves slowly with dismounting and 
remounting according to her partner’s signals. 
During a next session both partners are 
allowed to perform slow thrusting and during 
a further session both are allowed to do free 
thrusting. 


e Stop-start intra-vaginally with movement 
in the side-to-side position. 


e Stop-start intra-vaginally in the male-above 
position. 


Couples need to continue practicing the 
special techniques for premature ejaculation 
for several weeks or months before 
satisfactory control established during 
sexual intercourse. 


is 


Male anorgasmia 
The following sequence may be used: 


e Masturbation while alone, with use of 


erotic fantasies. 
Masturbation in the presence of the wife. 
Masturbation done by the wife. 


The wife stimulates the penis until the man 
is about to ejaculate then he inserts his 
penis into the partner’s vagina and does 
vigorous thrusting until he ejaculates. 


The procedure is repeated but the penis is 
inserted into the vagina progressively 
earlier until the need for manual 
stimulation by the wife diminishes. 
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The same technique used for treatment of 
male anorgasmia can be used for treatment of 
retarded ejaculation. 


Female anorgasmia 
The following sequence may be used 


e If the woman has primary absolute 
orgasmic dysfunction (total anorgasmia) the 
initial aim of treatment is to have the patient 
experience an orgasm while she is alone. She 
is instructed to do masturbation with use of 
erotic fantasies. If after several weeks 
masturbation did not bring orgasm, use of a 
vibrator is advocated. After obtaining orgasm 
for several occasions masturbation is used 
again. The next steps are used for these 
patients and those presenting with coital 
anorgasmia. 


e Masturbation to orgasm in presence of 
husband. 


e Masturbation done by husband during 
genital sensate focus exercises. 


e Stop-start intercourse with slow, 


demanding technique. 


non- 


e If the stop-start techniques is not effective 
the bridge technique which combines clitoral 
stimulation and coitus, is used. Manual clitoral 
stimulation is done by the patient or her 
husband while the erect penis is inside the 
vagina. 


When the woman feels that she is near 
orgasm, she signals him to stop clitoral 
stimulation and she begins to thrust actively 
until she experiences orgasm. 


Outcome of sex therapy 


It is now apparent that the enormous 
optimism which initially accompanied the 
appearance of sex therapy at the beginning of 
the 1970s is only partly justified. The 
immediate results of sex therapy obtained in 
routine clinical practice are not as good as 
those originally reported by Masters and 
Johnson. Nevertheless, the results are 
reasonable with approximately two-thirds of 
couples having a satisfactory outcome. 
Orgasm phase dysfunctions have by far the 
best prognosis. Approximately 90% of 
anorgasmic females and males with premature 
ejaculation are relieved of their complaint 
after 3 to 20 sessions, with an average of 12 
sessions. The outcome of male anorgasmia 


varies with the severity. Prognosis of ED is 
approximately 60%. Length of treatment 
varies from 10 to 20 sessions, with an average 
of 16 sessions. Simple secondary ED which is 
caused by performance anxiety has an 
excellent prognosis, approximately 80%, but 
the difficult cases, whose ED is primary and 
those with more severe underlying conflicts, 
have a prognosis in the 10 to 20% range. 
Inhibited sexual desire has the worst 
prognosis with approximately 10 to 15% cure 
after an average of 14 sessions. 


Less information is available about the 
long-term outcome of sex therapy. Benefits 
from therapy are sustained in many cases, 
although relapse may be more common in 
couples presenting with either ISD or ED. Ina 
fairly large proportion of couples who respond 
poorly to sex therapy, the partners will 
eventually separate. 


The basic strategy used for bilaterally 
dysfunctional couples is sequential treatment 
i.e. to treat one partner and after improvement 
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to treat the other one. Treatment usually 
begins with the dysfunction having the better 
prognosis. 


Sex therapy for males with multiple sexual 
dysfunctions 


Some patients may present with 
dysfunctions of more than one phase of the 
sexual response e.g. ED and premature 
ejaculation, ED and decreased sexual interest, 
or ISD associated with ED and premature 
ejaculation. Any of these disorders of the 
sexual response may be primary and leading to 
secondary dysfunctions of the response. ISD 
can lead to secondary ED and ED can result in 
inhibition of sexual desire. Likewise, 
premature ejaculation can precipitate 
secondary ED and ED can cause premature 
ejaculation. 


Treatment of such patients would start by 
the proximal site of affection on the sexual 
response cycle proceeding to more distal sites 
ie. treatment of ISD then ED and later, 
premature ejaculation. 


Section 4: Disorders of male sexual response 


Chapter 16: Erectile dysfunction: 


pathophysiology 


Introduction 


Potency is the ability to attain erection of 
sufficient strength and duration to allow 
vaginal intromission and performance of 
copulatory movements till the end of the 
sexual act. Erectile dysfunction is inability to 
attain or maintain erection. Erection is a 
dynamic process having two important 
aspects: rigidity and maintenance. A weak 
erection, though maintained, is a barren to 
coital activity. Also, loss of erection at any 
time during the sexual act (foreplay, 
intromission, copulation) puts an end to it. 


Erectile dysfunction is very common. 
Virtually 100% of men between the ages of 
puberty and senility will experience one or 
more attacks of occasional ED produced by 
fatigue, drinking, drugs, mood changes, or 
stressful life events. Thus transient erectile 
dysfunction is so common that it can be 
considered within the range of normal 
functioning. It becomes a problem when a 
man begins to feel that he is the only one who 
has the difficulty and is therefore “abnormal” 
or inadequate. These feelings lead to anxiety 
during subsequent performance which 
converts a single episode of dysfunction into 
persistent ED. 


Approximately 10 to 25% of male 
population develop a true problem of per- 
sistent ED which can be of organic or 
psychogenic origin. A gradual increase occurs 
with age 0.5% under 25 years of age, 2% at 35 
years of age, 10% at 55 years of age, and 50% 
at 75 years of age. 


The incidence of ED in diabetes mellitus 
was 50%, in treated heart disease 58% and in 
treated hypertension 42.5%. 


ED is commonly classified into three 
etiologic types: psychogenic, organic, and 
mixed. Due to recent achievements in 
knowledge about the physiology of erection 
and the introduction of new diagnostic tech- 
niques, the old theory that 90% of ED is 
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Etiology and 


psychogenic has become obsolete. Most of 
cases of ED prove now to have an organic 
etiology. 


Psychogenic ED is due to absence of 
erotic stimuli needed to activate the limbic sex 
centers to induce psychic erection and 
facilitate reflexogenic erection. Absence of 
erotic stimuli can arise by two mechanisms: 
(1) stimulus insufficiency, and (2) stimulus 
failure of perception. The physiological 
aspects of sexual intercourse are dependent on 
the sharing of several systems contributing to 
erection (vascular, neurologic, endocrinal) and 
ability to perform  coital activity 
(cardiopulmonary, musculo-skeletal) as well 
as the organ itself. ED is not only absence of 
erection but also absence of performance even 
if erection is present. Thus there are several 
mechanisms for of organic etiology: (1) 
vasculogenic, (2) neurogenic, (3) 
endocrinogenic, (4) mechanogenic, and (5) 
exercise intolerance. 


In mixed organic-psychogenic ED both 
organic and psychological factors are 
contributing to the etiology. ED arises by one 
of two mechanisms: (1) negative psychic 
association with an organic factor (e.g. fear of 
coital death in post-myocardial infarction 
patients) (2) exaggeration of a mild degree of 
ED caused by organic factors (e.g. mild penile 
atherosclerosis or diabetic neuropathy). 


Psychogenic erectile dysfunction 


Psychogenic ED results from either 
deficiency of erotic stimuli or failure of their 
perception due to presence of anxiety during 
coitus. During the first attack of ED, anxiety 
during coitus is not related to erection, since 
ED has not yet occurred, and it may be of 
sexual (e.g. fears) or non-sexual (e.g. anger) 
origin. Anxiety during subsequent sexual acts 
is directly related to ED and is a cause of its 
persistence i.e. performance anxiety. Anxiety 
during performance leads to watching of 
one’s erection (spectatoring) and thus to 


failure of perception of erotic stimuli. Table 
16.1 presents the pathogenesis and causes of 
ED of psychogenic origin. 


Deficiency of erotic stimuli 
Wife factors 
Unattractive partner 


Loss of attraction may occur 
spontaneously by pass of time, or may reflect 
other emotional or social factors, aging or 
physical changes (e.g. obesity, poor hygiene, 
mutilating surgery). 


Non-cooperative partner 
Sexual ignorance 


Some women do not know that the 
female is the source of erotic stimuli needed 
for erection. They may take passive role 
during coitus or may even refuse direct 
stimulation of the male genitalia. Most aging 
women consider sex a function in the youth 
and beautiful and decrease or stop their sexual 
activity. Unfortunately, most women do not 
realize that their husbands are in need of 
more erotic stimulation with aging. 


Sexual dysfunction 


A woman having sexual dysfunction 
(inhibited sexual desire, orgasmic dysfunction, 
dyspareunia, vaginismus) is usually reluctant 
to share in sexual activity thus either avoiding 
coitus or participates passively. The husband 
may feel guilty or angry and such affections 
may precipitate ED. 


Marital discord 


A hated woman may be not stimulating to 
her partner. 


Physical illness 


A physically ill woman is usually reluc- 
tant to practice sexual intercourse. This to be 
differentiated from excuses put by a healthy 
wife (e.g. tiredness, headache) to avoid sex 
due to sexual dysfunction in either partner or 
presence of something in the general 
relationship. 


Male factors 
Sexual ignorance 


Some men believe that their wives should 
be sexually passive. Expression of seduction 
or willingness by the wife can lead to denial 
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and ED. These men may develop ED, after a 
variable period of successful potency, when 
their erotic needs increase by aging with a still 
passive partner. 


Special requirements for potency 


Some men cannot become aroused 
without a special stimulus. For some of these 
men such stimuli are an absolute requirement, 
while others only resort to these methods 
periodically to strengthen a disturbed potency. 
Some special requirements include the use of 
dirty words, humiliating or being humiliated, 
watching or being watched at the sexual act, 
group sex, and dressing in women’s clothes. 
Such special conditions may be achieved in 
fantasy or through actual behavior. 


Homosexuality 


There are many degrees of homosexua- 
lity: exclusive, predominant, and incidental. 
Some individuals are bisexual and have an 
equal preference for men and women. Men 
with homosexual backgrounds occasionally 
present with ED. Some men may marry in the 
unrealistic hope of changing their pattern of 
erotic preference and the anxiety associated 
with being sexual with a woman may cause 
ED. Other married men may function 
heterosexually for a long time and develop ED 
with the occurrence of a relationship problem 
which causes them to return hack mentally to 
former more _ pleasurable homoerotic 
preoccupations. 


Failure of perception of erotic stimuli 


Failure of perception of erotic stimuli, 
despite their presence, is due to anxiety 
experienced during the sexual act. 


Factors causing  coital and 


precipitating ED 


anxiety 


Restrictive upbringing 


Separation of love and sex is teached in 
some families i.e. a good woman is for love 
and a bad one is for sex. This can precipitate 
selective ED with the "loved" wife or 
otherwise when the wife expresses desire for 
Sex. 


Sexual ignorance 


Anxiety during coitus may arise from 
factors as penile size and aging. Some males 
wrongly believe that they have small penises 
and that a large penis is needed for competent 


sexual activity and partner satisfaction. Aging 
men may not understand the physiological 
changes of aging and come to a belief that 
they are going to lose sexual functioning. 


Unrealistic expectations can precipitate 
ED. A recently married man may exhaust his 
physiological capacity for coitus, being 
convinced that he must practice for several 
times daily. Another one, searching for a much 
prolonged sexual act and preoccupied with it, 
can rapidly lose his erection with shortening, 
rather than prolongation of the act. A third 
type may think of mutual orgasms and his 
anxiety may lead to ED. 


Fears 


Many types of fears can arise during 
sexual intercourse and inhibit erection. 
Examples are fear of failure, inadequate 
masculinity, being discovered in the act, 
injuring the partner or being injured, making 
her pregnant, death or pain during coitus, 
being abandoned by wife, and fear of intimacy 
with women. Occasionally the man may be 
able to recognize such specific fears. Usually, 
however, they are expressed as a vague 
anxiety in sexual situations. 

Anger at partner 

Marital arguments and hostility towards 
wife can lead to ED which may be a husband’s 
unconscious means of frustrating his wife 
sexually. 


Guilt 


This is often responsible for ED during 
extramarital affairs. Guilt may also be 
experienced due to wife sexual dissatisfaction 
resulting from premature ejaculation. 


Non-sexual anxiety 


Any strong anxiety from non-sexual 
causes e.g. job or financial troubles, may 
interfere with the capacity to attain erection 
and induce temporary ED. 


Factory causing performance anxiety and 
maintaining ED 
Fear of failure recurrence 

When a man fails once, he fears recurrence 
of this failure during the next sexual acts. This 
fear leads to concentration on the state of his 
penis during sexual activity and the person 
watches his own sexual performance 
critically, as though he was a third person 
inspecting what is going on (spectatoring). 
Thus anxiety during sexual performance and 
preoccupation with spectatoring prevent 
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perception of erotic stimuli. A vicious circle is 
thus established which results in perpetuation 
and persistence of ED. 

Performance anxiety does not occur in all 
men. Transient erectile dysfunction occurs in 
100% of men and the majority continue later a 
normal non-anxious sexual life. Performance 
anxiety leading to persistence of ED occurs 
only in some men and these have some 
characteristics: (1) insecure men (lack of self- 
confidence), (2) men who always want to be 
excellent, (3) an insecure relationship with the 
wife, and (4) paranoid individuals. 

Failure of communication 

This is an important cause for persistence 
of psychogenic ED. Due to fears or shame or 
ignorance, the couple fail to communicate 
openly about their sexual feelings ad 
experiences, leading to perpetuation of the 
sexual dysfunction. 

Partner reaction to ED 

Although the impotent male is much 
concerned about his dysfunction, greater 
concern is due to his partner reaction. He 
worries about whether she has noticed his 
dysfunction and what is she thinking of him 
now. Commonly, partner reaction leads to 
perpetuation of ED. Some women react by 
feeling that they are insufficiently sexy or 
attractive and try to enhance husband’s appetite 
and arousal by wearing special clothes and 
putting perfumes. Often, these techniques fail 
since they put more pressure on the man. 
Similar results are likely to occur with women 
who become more demanding and increase the 
intensity of penile stimulation. 


Some women may interpret partner’s lack 
of erection as a mean of withholding pleasure 
or punishment. They react with initial 
disappointment and subsequent resentment. 
Other women react to temporary erectile 
failure with concern and sympathy. They try 
to verbally reassure their partner of his 
continued desirability and their belief that the 
next time will be better. 


Depression secondary to ED 


Some men develop depression secondary 
to their ED. In these cases, depression should 
be treated before giving other line of 
treatment. On the other hand, ED is a rare 
complaint in men having primary depression. 
These rather have loss of sexual desire and do 
not care for sexual activity. 


Table 16.1: Pathogenesis and etiology of psychogenic ED. 


Pathogenesis Causes 


Deficiency of erotic stimuli 


Wife factors 


Unattractive partner 


Non-cooperative partner 


Sexual ignorance 


Sexual dysfunction 
Marital discord 
Physical illness 


Male factors 


Sexual ignorance 


Special requirements for potency 


Homosexuality 


Failure of perception of erotic stimuli 


Factors precipitating ED 


Restrictive upbringing 


Sexual ignorance 


Fears 


Anger at partner 


Guilt 


Non-sexual anxiety 


Factors maintaining ED 


Fear of failure recurrence 


Failure of communication 


Partner reaction to ED 


Depression secondary to ED 


Organic ED 
Vasculogenic ED 


Arteriogenic ED (decreased arterial blood 
flow) 


Introduction 


The classic arterial supply of the 
cavernous bodies of the penis begins with the 
internal iliac arteries, then runs via the 
pudendal artery to the branching of the penile 
arteries, the urethral, the dorsal and the 
cavernous arteries. The urethral artery supplies 
the corpus spongiosum, the dorsal artery 
supplies the glans penis, and the cavernous 
arteries (syn: deep penile arteries) supply he 
corpora cavernosa. 


The resting blood flow through the penile 
arteries is low, 10ml/minute, which is 
approximately 1% of the total flow through 
the common iliac arteries, approximately 
1000ml/minute. During erection in normal 
men a six fold increase in flow in the internal 
pudendal artery and penile arteries occurs. If 


only a threefold or fourfold increase in arterial 
blood flow can be achieved because of various 
degrees of obstructions, partial erection will 
result. 


The relationship between arteriosclerosis 
and ED has been known since 1948 when 
Leriche and Morel described erectile failure in 
patients with arterial thrombosis and occlusion 
of the aortic bifurcation. The frequency of ED 
caused by arterial disease is not exactly 
known. Approximately 25% of impotent men 
may have ED due to arterial disease. Among 
men having peripheral arterial disease, 40 to 
50% have ED. 


Etiology 


In men with arteriogenic ED, reduced 
penile perfusion impairs flow to the cavernous 
tissue and the sinusoidal spaces. This 
deficiency in turn decreases rigidity of the 
erect penis while increasing time to maximal 
erection. Most men with arteriogenic ED 
suffer from generalized atherosclerotic 
disease, although trauma to the cavernous 
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arteries may also result in arteriogenic ED, 
particularly in young patients. 


1. Narrowing (stenosis) of blood vessels 
Arteriosclerosis 


Arteriosclerosis of the hypogastric- 
cavernous arterial bed is the major cause of 
vasculogenic ED in men over 40 years age. 
The increased frequency of ED with aging is 
mainly due to arteriosclerotic changes in the 
penile arteries. Like atherosclerosis of arteries 
elsewhere (coronary, cerebral, legs), arterial 
risk factors (diabetes, smoking, hyper- 
lipidemia, and hypertension) are commonly 
present. Heavy smoking is defined as tobacco 
consumption exceeding 15 cigarettes/day for a 
least 15 years. Hyperlipidemia is defined as a 
total serum cholesterol concentration 
exceeding 200mg/dl and/or total cholesterol/ 
high density lipoprotein ratio greater than 5 
and/or serum triglyceride concentration 
exceeding 140mg/dl. The incidence of arterial 
risk factors in patients with arteriogenic ED 
was 86% smokers, 54% diabetes, 55% 
hyperlipidemia, and 9% hypertension. The 
incidence of organic ED was 49% in patients 
without risk factors and increased to 100% in 
those having 3 or 4 of the risk factors. 


The link between atherosclerotic disease 
and arteriogenic ED is evident. The incidence 
and age of onset of coronary disease and ED 
are parallel. Arteriography has demonstrated 
diffuse, bilateral disease of the internal 
pudendal, common penile, and cavernous 
arteries in impotent men with atherosclerosis, 
and abnormal penile vascular findings 
increased along with the number of risk 
factors for ED. Also, the severity of ED 
correlates with the severity of coronary artery 
occlusive disease on coronary angiography. 


Trauma 


This is the usual cause in younger 
patients, 20 to 40 years old. Trauma causes 
stenosis through development of intimal 
hyperplasia. The lesions are localized to distal 
internal pudendal and the penile arteries. The 
perineal portion of the internal pudendal artery 
becomes traumatized in patients with pelvic 
fractures after motor vehicle accidents or after 
perineal trauma from straddle injuries. Some 
cases of primary ED may be due to an 
unrecognized blunt perineal trauma (e.g. a 
kick) occurring during childhood. 
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Congenital 


Aplasia or hypoplasia of one or both 
cavernous arteries. Unilateral aplasia is 
associated with altered erection while bilateral 
aplasia leads to primary ED. 


2. Diversion of the pelvic arterial flow away 
from the penis 


Diversion to arteries of the lower limbs (pelvic 
steal syndrome) 


Patients with this syndrome complain of 
ED that is positional or exertion related and 
the condition may be mistakenly considered 
psychogenic ED. The condition is caused by 
stenotic lesions of the common iliac or internal 
iliac arteries. The patient obtains erection so 
long as he does not move his lower limbs (e.g. 
during foreplay, in the female above position) 
but loses erection when he attempts coital 
thrusting (e.g. male-above position). Arterial 
flow is sufficient for erection in the resting 
state but, with dilatation of the arteries 
supplying the legs and gluteal muscles 
associated with the movements of coital 
thrusts, the limited blood flow becomes 
preferentially directed to these muscles and 
thus “stolen” from the penile arteries, leading 
to loss of erection during coital movements. 
Gluteal pain may also accompany sexual 
activity. 


The incidence of pelvic steal syndrome 
(PSS) is about 11% among patients suffering 
from aortoiliac (i.e. proximal) vasculogenic 
ED. Erections obtained during rest are usually 
semirigid and not strong. Morning erections, if 
present, are also semirigid. The penile pulse is 
poorly palpable. Erections during NPT 
monitoring are less frequent and short lived. 


Diversion to the pelvic venous 
(Pudendal arteriovenous malformation) 


system 


Some men have congenital arteriovenous 
malformation made of angiomatous tissue (but 
not a true arteriovenous fistula) which 
connects the internal pudendal artery to the 
pelvic venous system. If bilateral it leads to 
primary ED. If the malformation is unilateral 
the patient remains potent until an acquired 
trauma to the contralateral internal pudendal 
artery occurs leading to its stenosis and 
appearance of secondary ED. Trauma may be 
a straddle injury or a kick in the perineum. 


During erection, the blood flow is directed 


to the pelvic venous system through the 
arteriovenous malformation. Diagnosis is 
achieved by a history of soft erections 
insufficient for vaginal intromission, and 
selective internal pudendal arteriography 
showing obstruction on one side and shunting 
of contrast medium to the venous drainage of 
the pelvis on the other side, in cases of 
secondary ED. Cavernosography is normal. 


Impotence and site of arterial obstruction 
Aortoiliac stenosis 


This is caused by arteriosclerosis and is 
often associated with ischemic signs in the 
lower limbs. It may affect the terminal aorta, 
leading to the Leriche syndrome, or affect the 
common or internal iliac arteries. Unilateral 
obstruction leads to either partial ED or to 
pelvic steal syndrome. Bilateral stenosis leads 
to partial ED if moderate and to total ED 
(impossible penetration) if stenosis is marked. 


Stenosis of internal pudendal arteries or 
penile branches 


This may be caused by arteriosclerosis, 
trauma, or congenital. Unilateral lesions of 
one internal pudendal artery before the 
bifurcation into the dorsal and deep penile 


arteries do not produce ED while bilateral 
lesions cause ED. Unilateral lesions of the 
cavernous (deep penile) artery may cause ED. 


Pathogenesis 


Since impaired cavernosal blood flow 
secondary to arteriogenic disease reduces 
intra-cavernosal blood PO,  arteriogenic 
disease may also be injurious to the cavernosal 
tissue itself, ultimately causing corporeal 
fibrosis, impairing penile NO synthase 
activity, and resulting in a vicious circle that 
exacerbates ED. 


Hypoxia-induced over expression of 
transforming growth factor (TGF-1) decreases 
the smooth muscle to connective tissue ratio 
by inducing the expression of collagen, 
fibronectin, and proteoglycans, while 
inhibiting the growth of smooth-muscle cells 
and the activity of collagenase. In addition, 
impaired cavernosal oxygen tension resulting 
from arteriogenic disease may affect PGs 
production in the corpora cavernosa. PGs are 
key mediators of normal erectile function. 
Low oxygen tension results in decreased basal 
and stimulated levels of PGI, thromboxane 
A2, PGF, and PGE». 


Table 16.2: Etiology and pathogenesis of vasculogenic ED. 


Pathogenesis Causes 
Arterial insufficiency Stenosis of blood vessels 
(diminished inflow) Arteriosclerosis 
Trauma 
Congenital 


Diversion of pelvic arterial flow 


Pelvic steal syndrome 
Pudendal arteriovenous malformation 
Iatrogenic 
Aortoiliac bypass operations 
Acquired venogenic ED 
Fibrosis of lacunar interstitium 
Perineal trauma 
Priapism 
Peyronie’s disease 
Atherosclerosis 
Neurologic disease affecting lacunar smooth muscle 
Cavernous muscle myopathy in diabetes 
Multiple sclerosis 
Spinal cord injury 
Endothelial cell dysfunction 
Vascular risk factors (hypertension, diabetes, smoking, 
hypercholesterolemia) 
Congenital venogenic ED 
Presence of excess large veins from the corpora cavernosa 
Presence of abnormal communication between glans or corpus 
spongiosum and the corpora cavernosa 


Venogenic ED 
(increased outflow) 
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Venogenic (cavernosal) ED 
(increased penile venous blood 
outflow) 


In this type of ED the patient attains 
normal erection which becomes lost (i.e. 
without movement, to differentiate from PSS) 
after few seconds maximum 2 minutes) i.e. a 
picture of failure of maintenance of erection. 
Venogenic ED may be primary or secondary. 


It has been suggested that inadequate 
venous occlusion - failure to store blood in the 
penis - may be the most common cause of 
vasculogenic ED. Venous occlusion is a 
complex and incompletely understood process 
that begins with relaxation of the fibroblastic 
component of the cavernous smooth muscle 
and concomitant expansion of the penile 
sinusoids. In addition to allowing for the 
inflow of blood, this process results in 
compression of the subtunical and emissary 
veins against the intact tunica albuginea. 
This phenomenon in turn results in a state 


where intracavernosal pressure exceeds 
systolic blood pressure, and ultimately, a rigid 
erection is achieved. Derangement and 


dysfunction of any of these entities - the 
fibroelastic component, the cavernosal smooth 
muscle, and the tunica albuginea -may result 
in venogenic ED. 


The first and most easily understood 
mechanism of venogenic ED is alteration of 
the tunica albuginea. This tough coating 
tissue of the cavernous bodies is critical for 
the veno-occlusive mechanism, and 
degenerative changes such as those seen in 
Peyronie’s disease, aging, and traumatic injury 
may result in failure of this process. The 
inelastic tunica albuginea resulting from the 
changes of Peyronie’s disease results in 
inadequate compression of the subtunical and 
emissary veins adjacent to the tunica, causing 
venogenic ED. In addition, surgery for 
Peyronie’s disease can also result in failure of 
compression of the subtunical and emissary 
veins, and thus venogenic ED. Finally, loss of 
the elastic fibers in the tunica albuginea with 
resultant changes in the micro-architecture, as 
seen in the aging male, can result in injury to 
the veno-occlusive mechanism and ED. 


Loss of compliance of the fibroelastic 
component of the penile sinusoids with 
increased deposition of collagen and decreased 
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elastic fibers is another pathophysiologic 
mechanism of venogenic ED. Some authors 
have demonstrated a significant difference in 
the mean percentage of elastic fibers between 
normal men and those with venous leakage. 
Specifically, the mean percentage of elastic 
fibers in normal men was 9%; this number 
was reduced to 5.1% in men with venogenic 
ED. 


Finally, because corporeal smooth 
muscle is the key factor in controlling the 
hemodynamic processes that lead to erection, 
change in smooth-muscle content and damage 
to the smooth muscle itself can lead to 
venogenic ED. In a biopsy study, some 
authors also demonstrated a significant 
difference between the mean percentage of 
cavernous smooth muscle in normal potent 
men compared to those with venous leak 
impotence. Specifically, in normal potent 

men, the mean percentage of cavernous 
smooth muscle stained with antidesmin or 
antiactin was 38.5% and 45.2%, respectively; 
these figures were reduced to 27 4% and 
34.2% in the men with venous leak ED. 
Similarly, other authors have shown reduced 
muscle content in men with venous or mixed 
venous/arterial ED. 


Impotent patients may have changes of 
the maxi-K* channels in smooth-muscle cells. 
This derangement of the potassium channels 
might contribute to decreased hyperpolarizing 
ability, altered calcium hemostasis, and 
ultimately, impaired smooth-muscle relaxation 
in men with impotence, resulting in veno- 
occlusive dysfunction. 


Neur ogenic impotence 


Neurogenic impotence may occur by 5 
main types of disorders (1) diseases of the 
nervous system, (2) neurologic affection by 
systemic disease, (3) drugs, (4) surgery, and 
(5) trauma (Table 16.3). More information 
about neurogenic impotence is available in the 
chapter of “Sex and neurologic disease”. 


Endocrinogenic ED 


Endocrinogenic ED may be caused by: (1) 
disorders of the endocrine glands, (2) affection 
of endocrine glands by systemic disease, and 
(3) endocrinal effects of some drugs (Table 
16.4). Endocrinogenic ED may arise via two 
main mechanisms (1) low plasma 


testosterone level and, (2) presence of anti- 
androgenic effect (due to hyperprolactinemia, 


hyperestrogenaemia or some drugs). 
Testosterone is the main activator of sexual 
desire. Hyperprolactinemia leads to ED 


probably through deficiency of LHRH, which 
is another activator of sexual desire, and 
deficient conversion of testosterone to DHT 
which is the physiologically active form of 


testosterone. Estrogens are known to 
counteract the physiological effects of 
testosterone. 


Low plasma testosterone level may arise 
by several mechanisms (1) decreased 
production, (2) changes in SHBG, and (3) 
increased peripheral conversion of 
testosterone to estrogen. Decreased 
testosterone production may be due to 
decreased steroidogenesis by defective Leydig 
cells e.g. primary testicular hypogonadism, or 
secondary to deficiency of pituitary LH e.g. 
hypogonadotropic hypogonadism. Increase in 
SHBG leads to decrease of free plasma 
testosterone level while its decrease causes 


reduction of total plasma testosterone. 
Increased peripheral conversion of 
testosterone to estrogen occurs in liver 
cirrhosis, chronic alcoholism, and 


spironolactone use. Some drugs have a direct 
anti-androgenic effect (cyproterone acetate, 
spironolactone, cimetidine). Chronic 
alcoholism affects potency several 
endocrinogenic mechanisms. 


via 


Mechanogenic ED 


In mechanogenic ED the patient either 
has anerection due to fibrosis of corpora 
cavernosa leading to limitation of their 
expansion or he has erection but cannot 
perform either coital intromission or coital 
thrusts (Table 16.5). 


ED due to exercise intolerance 


Exercise intolerance is a suggested 
etiopathogenesis for a group of impotent men 
characterized by having normal erectile 
mechanisms (vascular, neurologic, endo- 
crinal, penile) with inability to perform coital 
activity due to major system affection 
(cardiopulmonary or musculoskeletal) leading 
to marked dyspnea or weakness (Table 16.6). 
Potency is not only the presence of erection 
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hut also the ability to perform the sexual act. 
Management of the ED of these patients is 
directed to treatment of the diseased system 
and improvement of their exercise tolerance 
by physical measures. 


Mixed or ganic-psychogenic ED 


The causes and pathogenesis of this type 
of impotence are presented in table 16.7. 


Drug-induced ED 


A large number of therapeutic drugs can 
cause ED as an unwanted side-effect. 


Antipsychotics and antidepressants are 
widely associated with sexual dysfunction. 
These agents tend to induce ED by interfering 
with the 5-hydroxytryptaminergic, 
noradrenergic, and dopaminergic central 
neurotransmitter pathways involved in ED. 
Antipsychotics also tend to decrease libido, 
thereby exacerbating the erectile failure and 
sometimes inducing ejaculatory dysfunction 
as well. Specific mechanisms through which 
the antipsychotics induce ED include 
anticholinergic actions, a central anti- 
dopaminergic effect, and the release of 
prolactin. With the exception of trazodone 
and bupropion, nearly all of the four major 
classes of antidepressants (tricyclic, hetero- 
cyclic, selective serotonin reuptake inhibitors, 
and monoamine oxidase inhibitors) can also 
induce ED and ejaculatory disorders. 
Mechanisms are thought to include increased 
sensitivity to 5-hydroxytryptamine (5-HT) 
and adrenergic receptors in the postsynaptic 
neurons. 


Other central-acting drugs that can induce 
ED include centrally acting sympatholytics 
such as methyldopa and clonidine. These 
drugs are thought to impair erectile activity by 
inhibiting the hypothalamic center through 
Qo-receptor stimulation. Another medication 
that may cause ED through a central 
mechanism is reserpine, which depletes the 
stores of catecholamines and 5-HT. 


Antihypertensives in particular tend to 
cause ED by disrupting local neurovascular 
control of penile smooth muscle. Calcium- 
channel blockers are one such example, and 
a-adrenergic blockers such as phenoxy- 
benzamine are another. 


Table 16.3: Etiology and pathogenesis of neurogenic ED. 


Pathogenesis Causes 
Ner vous Systemic Drugs Sur gery Trauma 
system disease 
Central NS 
Depression of | Temporal lobe Minor Head trauma 
limbic sex epilepsy tranquillizers 
centers Lesions of Phenothiazines 
posterior Opiates 
temporal lobe 
Stroke 
Encephalitis 
General High dose 
depression of alcohol 
of CNS Barbiturates 
Opiates 
Depletion Methyldopa 
of CNS Reserpine 
catecholamines 
Hypogonadism Hypothalamic Pituitary 
or pituitary surgery 
tumors 
Injury to spinal Multiple Paraplegia 
centers of sclerosis 
erection or Myelitis 
spinal Syringomyelia 
Pathways Spinal tumors 
Tabes dorsalis 
Peripheral NS 
Neuropathy Diabetes Chronic 
mellitus alcoholism 
Chronic Hydralazine 
uremia Some 
COPD industrial 
Vitamin chemicals 
deficiency (By), 
Bo, Biz) 
Nerve injury Lumbar disk 
Myelography 
Straddle injury 
Autonomic NS 
Neuropathy Diabetes Chronic 
mellitus alcoholism 
Nerve injury Radical cancer Pelvic fracture 
operation (rupture of 
(rectum, posterior urethra) 
bladder, 
prostate) 
Adrenergic Ganglion 
blockade blockers 
Adrenergic 
neurone 
blockers 
Beta blockers 
Phenothiazines 
Primary Shy-drager 
autonomic syndrome 
degeneration 


[132] 


[EET] 


Table 16.4: Etiology and pathogenesis of Endocrinogenic ED. 


Disorder ļ plasma testosterone Testosterone antagonism Remark 

J testosterone production SHBG T PRL TE Anti- 

androgen 
T 

LH 4 SG T>E 
Endocrine glands 
Testes: primary 
hypogonadism 
Congenital anorchia + 
Postpubertal castration + 
Klinefelter’s syndrome + T + Even if total T is low-normal, free T is subnormal 
Sex-reversal syndrome + 
Orchitis + Rarely causes ED 
Traumatic or iatrogenic + 
atrophy 
Male climacteric + T ED if free T is subnormal (uncommon) 


Hypothalamus-pituitary 


Prolactinomas 


Hypogonadism: congenital 
LHRH deficiency 
Kallmann’s syndrome 
Fertile eunuch 
Pituitary dwarfism 

Acquired 


Selective gonadotropin 
deficiency 


I+ 


L + Sexual effects due to deficiency of LHRH and 
defective conversion of T to DHT 


LHRH deficiency and anosmia 
LH deficiency, normal testes size 


Deficiency of LH, FSH, growth hormone 


[veT] 


Disor der J plasma testosterone Testosterone antagonism Remark 
J testosterone production SHBG T PRL TE Anti- 
7 androgen 
LH 4 SG T>E 
Idiopathic + No structural abnormalities in hypothalamus or 
pituitary 
Hemochromatosis + Raised serum ferritin 
Panhyopituitarism + After tumours, infiltrations, infarction, surgery or 

irradiation 

Thyroid gland 

Hyperthyroidism ED rare. Plasma total T is RAISED due to Î 
SHBG but free T is 4 

Hypothyroidism L + Free T is usually normal 

Suprarenal cortex 

Addison’s disease ED is due to general debility 

Cushing’s syndrome + Direct suppression of Leydig cells by cortisol 

Diabetes mellitus Although the commonest cause of organic ED, 
the H-P-T axis is normal 

Systemic disease 

Chronic uremia + + 

Liver cirrhosis T + Free T reduced 

COPD ? 

Obesity 4 + Free T usually normal 

Thalassemia + Iron deposition in pituitary 

Sickle cell anemia + + Hypogonadism of primary or secondary type 


Disor der J plasma testosterone Testosterone antagonism Remark 


[SET] 


J testosterone production SHBG T PRL TE Anti- 
t androgen 
LH 4 SG T>E 
Drugs 
Methyldopa + 
Reserpine + 
Spironolactone + + + + 
Barbiturates + 
Phenothiazines + 
Tricyclics + 
Exogenous estrogens + + 
Cyproterone acetate + 
Corticosteroids + + 
Chronic alcoholism + + T + + + 
Cannabis + 
Opiates + + 
Digoxin + + 
Cimetidine + + 
Ketoconazole + Block of 17,20-desmolase 


Abbreviations: îÎ: increased, J: decreased ; —: conversion; T : testosterone; E: estrogen; PRL: prolactin; SG: steroidogenesis; SHBG: sex hormone- 
binding globulin. 


B-adrenergic blockers also appear to act 
to cause ED through a predominantly local 
mechanism, but they are also known to have 
central side-effects, including sedation, sleep 
disturbances, and depression, that could 
contribute to their tendency to cause ED. 
Another class of antihypertensives, the 
thiazide diuretics, have been reported to have 
a deleterious effect on potency; and 
potassium-sparing diuretics such as 
spironolactone have also been reported to 
cause ED in 4-30% of patients. 
Spironolactone may also cause decreased 
libido, gynecomastia, and mastodynia. 


Cimetidine, an H2-receptor antagonist, has 
also been associated with decreased libido and 
ED. The drug may act as an antiandrogen and 
can increase prolactin levels. Other drugs that 
may induce ED through anti-androgenic 
effects and a resultant endocrinologic etiology 
include estrogens, ketoconazole, and 
cyproterone acetate. 


Cigarette smoking is another well- 
recognized cause of ED. Obviously, cigarette 
smoking is linked to atherosclerotic disease 
and vasoconstriction; these conditions restrict 
penile inflow and result in  arteriogenic 
dysfunction. In addition, cigarette smoking 


may have a directly injurious effect on the 
smooth muscle of the corpora cavernosa, 
potentially inducing veno-occlusive 
dysfunction and venous leak impotence. 
Moreover, there is an adverse impact of 
cigarette smoking on nocturnal erections; men 
smoking more than two packs per day had the 
weakest nocturnal erections. This decrease in 
nocturnal erections may in turn reduce 
oxygen tension in the corporeal tissue, thus 
inducing endothelial cell dysfunction and 
ultimately penile fibrosis. 


While alcohol in small amounts may 
improve erection due to its vasodilatory effect 
as well as its well-described suppression of 
anxiety and enhancement of sexual drive, 
chronic alcoholism appears to have a 
deleterious impact on sexual function. 
Chronic alcoholism may result in liver 
dysfunction, with resulting decreases in 
serum testosterone as well as increases in 
serum estrogen levels, resulting in ED. In 
addition, the polyneuropathy that can 
accompany chronic alcoholism may also 
affect penile nerves; thus, chronic alcoholism 
could potentially induce ED through a 
neurogenic mechanism as well as an 
endocrinologic one. 


Table 16.5: Etiology and pathogenesis of mechanogenic ED. 


Pathogenesis Causes 


Anerection due to loss of 
expansion after corporal 
fibrosis 


Priapism 
Fracture penis 
Failure of intromission of Penile disease 


erect penis Micropenis 


Chordee with or without hypospadias 


Peyronie’s disease 


Penile elephantiasis 


Congenital curvature of the penis 


Partial amputation (after carcinoma) 


Extra-penile disease 
Marked obesity 


Vanishing penis syndrome i.e. scrotal enlargement encroaching on 
penis and burying it e.g. big hernia, big hydrocele, scrotal elephantiasis 


or edema 
Mechanical limitation to Arthritis 
coital movements Muscular rigidity 
Parkinsonism 


Myotonia dystrophica 


Table 16.6: Etiology and pathogenesis of ED due to exercise intolerance. 


Pathogenesis Causes 


Dyspnea during coitus Cardiac disease 


Post-myocardial infarction 


Mitral valve disease 


Controlled heart failure (uncontrolled failure is a contraindication to 


coitus) 
Respiratory disease 
COPD 
Pulmonary TB 
Severe anemias 
Marked obesity 
Muscular weakness Myasthenia gravis 


General weakness 


Addison’s disease 
Neoplastic disease 


ED in systemic disease 


A number of systemic diseases are known 
to be associated with ED and play a clear role 
in the pathophysiology of erectile failure. 
Perhaps the most important are diabetes 
mellitus, hyperlipidemia and atherosclerosis, 
hypertension, and chronic renal failure. 


Diabetes mellitus 


A brief review of the epidemiologic data 
regarding ED and diabetes quickly 
demonstrates the profound implications that 
diabetes has on normal erectile function. 
Overall, ED has been estimated to occur in 
approximately 35-75% of men with diabetes 


mellitus. In addition, ED tends to occur at an 
earlier age in men with diabetes mellitus. 
Oftentimes, ED is the first sign of diabetic 
disease; it has been estimated that ED is the 
presenting symptom in up to 12% of men with 
diabetes. Finally, the incidence of ED in 
diabetes has been shown to be age-dependent, 
rising from 15% at age 30 years to 55% at age 
34-60 years. 


Studies demonstrate penile arterial 
narrowing and arteriolar disease. A duplex 
study, showed an extremely high prevalence 
(>75%) of penile arterial insufficiency among 
men with diabetes. 


Table 16.7: Etiology and pathogenesis of mixed or ganic-psychogenic ED. 


Pathogenesis Causes 


Negative psychic association 


Pain anticipated or exper- Penile disease 


ienced dung coitus Balanitis 
Painful ulcers 


Phimosis 


Mild Peyronie’s disease 


Angina pectoris 
Arthritis 
Prostato-vesiculitis 


Fear of death during 
coitus 


Depression caused by 
chronic illness 


Decreased self esteem 
Misunderstandings 


Psychological exaggeration 
of mild organic impotence 


Post-myocardial infarction 
Chronic uremia, cardiac disease, neoplastic disease, etc.. 


After operations e.g. orchidectomy, limb amputation 
e.g. after transurethral prostatectomy 


e.g. mild arteriosclerosis, diabetes mellitus 
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Moreover, penile biopsy studies in 
diabetics have demonstrated ultrastructural 
changes in corporeal smooth muscle consistent 
with arteriogenic dysfunction, as well as 
impaired endothelium-dependent relaxation of 
the corporeal smooth muscle. Thus, it is 
thought that microvascular changes and 
arteriogenic ED represent the likely endpoint 
of the pathophysiology of ED in the diabetic 
male. 


In addition, nerve dysfunction also likely 
plays a role in the development of ED in the 
diabetic. Diabetic men had longer latencies of 
somatosensory-evoked potentials of the 
pudendal nerves and of the bulbocavernosus 
reflexes than normal controls. This in turn puts 
the reflexogenic erection at risk, and helps 
explain why ED is often the earliest and most 
common clinical sign of diabetic autonomic 
neuropathy. 


ED may result from mechanisms 
including impaired NO synthesis, increased 
endothelin B receptor-binding sites and 
ultrastructural changes, and, finally, increased 
levels of oxygen free radicals with resulting 
oxidative stress injury. In addition, elevated 
levels of advanced glycosylation end products 
may be implicated in the development of ED 
in human subjects with diabetes. 
Abnormalities in levels of VIP, 
prostaglandins, and endothelins - all important 
mediators of normal erectile function - have 
also been demonstrated in human subjects 
with diabetes mellitus and erectile failure. 


Hyperlipidemia and atherosclerosis 


Obviously, hyperlipidemia and 
atherosclerosis result in the deposition of lipid 
in the arteriolar walls of the vessels. These 
lesions can encompass the internal pudendal 
or cavernosal arteries as well, reducing inflow 
and resulting in arteriogenic ED. 


While the tendency of hyperlipidemia and 
atherosclerosis to effect impotence via an 
arteriogenic mechanism and reduced inflow is 
well established, newer data suggest that 
hyperlipidemia may also cause direct 
dysfunction of the cavernous smooth muscle 
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and the endothelial cells that release NO. 
Atherosclerosis and hypercholesterolemia 
result in decreased NO synthase activity and 
increased production of contractile 
prostaglandins and thromboxane, thus 
impairing smooth-muscle relaxation and 
erectile function. Similarly, the impaired NO- 
mediated smooth-muscle relaxation associated 
with hypercholesterolemia may in fact be 
caused by the contractile effect of oxidized 
low-density lipoprotein. 


Hypertension 


Hypertension represents another well- 
recognized risk factor for ED. Interestingly, 
although in this condition the increased blood 
pressure itself does not impair erectile 
activity, the associated arterial stenotic lesions 
are thought to be the cause, resulting in 
impaired inflow and arteriogenic disease. 


Nonetheless, newer data show that 
hypertension may also mediate erectile failure 
by affecting local vasodilators and 


constrictors. A recent paper has shown that 
NO availability is impaired in hypertension 
because of the production of vasoconstrictor 
substances as well as reduced endothelin B- 
receptor-mediated NO activation. 


Chronic renal failure 


Chronic renal failure is also associated 
with ED, and it has been estimated that 
approximately 50% of patients entering 
dialysis are impotent. The ED associated with 
chronic renal insufficiency is likely a 
multifactorial phenomenon. 78% of patients 
with ED and renal failure had cavernous artery 
occlusive disease and 90% had veno-occlusive 
dysfunction. In addition, chronic renal failure 
can result in considerable derangements of the 
hormonal milieu, resulting in decreased libido 
in addition to erectile failure. Decreased levels 
of serum testosterone as well as elevations of 
serum prolactin have been demonstrated in 
men with chronic renal failure. Finally, the 
fact that many of these patients are managed 
with multiple medications means that they are 
also at risk for drug-induced ED. 


Section 4: Disorders of male sexual response 


Chapter 17: Erectile dysfunction: Diagnosis 


Clinical features of ED 


ED is a symptom and, like other 
symptoms, it has causes, clinical features, 
investigations and treatment. Etiologically, ED 
is broadly classified into two groups, organic 
and psychogenic, each having several causes 
and mechanisms. Clinically, ED may be 
primary or secondary, transient or persistent, 
partial or total, and selective or absolute. ED 
may be assessed clinically from a 
chronological (onset, course, duration), a 
dynamic (attainment, maintenance, rigidity) 
and a circumstantial (selective, absolute, 
obstructed) points of view. 


Chronological types of ED 
Onset 


Acute ED: The patient reports that the last 
coital act before developing impotence was 
normal. This type of onset occurs in 
psychogenic ED and in some cases of organic 
ED, namely those due to traumatic 
(vasculogenic, neurogenic) or surgical causes. 


Gradual ED: Gradual decline in erectile 
ability occurring over several weeks or 
months. Caused by organic factors. 


Course 


Transient ED: Occasional ED occurring 
from time to time, as a result of fatigue, 
drinking, anxiety about some happening, or 
other temporary circumstances. Function is 
restored spontaneously in a brief period, up to 
two days. 


Persistent ED: ED persisting beyond 
several days, for weeks, months. or even 
years. May be organic or psychogenic. 


Duration 


Primary ED: Cases in which the patient 
had never had an erection of sufficient quality 
to perform intercourse (Table 17.1). 


Secondary ED: Cases in which the patient 
has been able to perform intercourse in the past 
but is currently unable to do so. The majority 
of cases of ED are of secondary nature. The 
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cause may be organic or psychogenic. 
Dynamic types of ED 
Problems of attaining erection 


Delayed attainment: Erection is obtained 
after an unusually prolonged period of 
stimulation e.g. 15 minutes or more. The 
patient may then continue the sexual act or 
not. Caused by organic or psychogenic factors. 
Delayed attainment of erection is usual in 
aging males and may occur in younger males 
after several successive acts of coitus. 


Failure of attainment: Total anerection 
may be psychogenic (selective ED) or organic 
(absolute in all sexual situations including 
morning erections). Occurrence of secondary 
depression on top of psychogenic ED may 
also give a picture of absolute ED. 


Problems of maintaining attained erection 


Weakening erection: Weakening of 
erection i.e. a rigid erection becomes less rigid 
may occur at some time during the sexual act 
and may arise by psychogenic or organic 
causes. Wife vaginal factors as over- 
lubrication or  over-relaxation are also 
etiologic factors. 


Loss of erection: Loss of attained 
erection, without occurrence of ejaculation 
(i.e. not premature ejaculation) may occur 
during (1) foreplay, (2) attempting vaginal 
intromission, and (3) coital thrusts. Each of the 
three types may be caused by organic or 
psychogenic factors. Fears are a common 
cause, especially fear of failure, and 
commonly cause loss of erection in attempting 
vaginal intromission. Venogenic ED causes 
loss of erection rapidly within two minutes, 
usually during foreplay, and should be 
differentiated from psychogenic ED, in which 
morning erections are present and disappear 
gradually. The pelvic steal syndrome causes 
loss of erection when exercising the gluteal 
and leg muscles during coital thrusts as in the 
male-above coital position. Table 17.2 
presents some of the causes of failure to attain 
and failure to maintain erection. 


Table 17.1: Causes of Primary ED. 


Type of ED Causes 


Psychogenic 


Homosexuality 
Family religious orthodoxy 
Maternal dominance 
Organic Vasculogenic 
Primary venogenic ED 


Arteriogenic ED 


Trauma during childhood 


Congenital 


Failure of first sexual experience under influence of fears, drugs, alcohol, or with a 
prostitute; commonest cause 


Bilateral pudendal arteriovenous malformation 


Bilateral aplasia of the cavernous arteries 


Neurogenic 


Neurogenic causes occurring during childhood e.g. epilepsy, tumors, trauma, 


inflammations 


Endocrinogenic 


Prepubertal hypoandrogenism e.g. congenital anorchia 


Endocrine gland disorder starting during childhood 


Mechanogenic 


Micropenis 


Chordee with or without hypospadias 


Problems of rigidity (semi-rigid or partial 
erections) 


1. Partial erection with inability to do vaginal 
intromission. 


2. Partial erection with ability to do 
intromission. 


Most impotent patients do not complain 
of complete loss of erectile capability but 
rather describe a flaccid, floppy penis which 
approximates 50 to 60% of previous erections. 
A rigid penis allows vaginal intro-mission and 
performance of free coital movements without 
buckling. Penile tumescence is different from 
rigidity. _Tumescence refers to penile 
expansion in circumference and elongation in 
length. It is established by the increased blood 


inflow to the penis and is associated with low 
intracavernous blood pressure (<85% of 
systolic blood pressure i.e. approximately 80- 
120 mm Hg). Rigidity is achieved when the 
intracavernous pressure becomes higher 
than the arterial systolic blood pressure 
(>150 to > 200 mm Hg). Table 17.3 illustrates 
the intra-corporal blood pressure during the 
different phases of erection. Penile venous 
blood pressure, as measured in the deep dorsal 
veins, is also presented in the same table. A 
penis in the tumescent phase is soft and cannot 
allow vaginal intromission. A penis in the full 
erection phase can accomplish intromission 
and coital movements but can be bent. A penis 
in the rigid phase is strong and can allow free 
coitus without occurrence of bending. 


Table 17.2: Some causes of failure to attain or maintain erection. 


Failure to attain erection 


Failure to maintain erection 


1. Psychogenic: performance 
anxiety 

Depression 

Severe arterial insufficiency 
Neurologic disorders 
Endocrinal disorders 


Qe aS 


Peyronie's disease, post-priapism 


palsy er tS 


Drug-induced erectile dysfunction 


Psychogenic: fear of failure 

Wife factors: over lubrication, over-relaxation 

Venogenic ED 

Pelvic steal syndrome 

ED due to exercise intolerance 

Mild arteriogenic ED 

Penile sensory deficits (dorsal nerve impotence syndrome) 


Table 17.3: Penile intra-cavernosal pressure. 


Phase of erection 


Intracavernosal- pressure 


Deep dorsal vein pressure 


(mm Hg) (mm Hg) 
1. flaccid phase 20-30 20 -30 
2. Latent (filling) phase 20-30 20-30 
3. Tumescence phase 60-75 60-75 
4. Full erection phase 80-120 60-75 
5. Rigid erection phase >150, up to 200 60-75 
6. Detumescent phase Rapid fall to 150, then slow fall to 75 within 20-30 


15 minutes, then gradual fall to flaccid state 


Nocturnal penile tumescence and rigidity 
can be studied with the Rigiscan. A rigidity of 
70% or greater represents a non-buckling 
erection, whereas a rigidity below 40% 
represents a flaccid penis. Rigidities between 
40% and 70% represent various degrees of 
stiffness, and those rigidities approaching 70% 
will enable intromission. 


Circumstantial types of ED 


Selective ED:The patient has ED during 

certain circumstances but has erection, 
ejaculation and orgasm in other situations. 
Examples are masturbation yes, coitus no; 
paramour Yes, wife no; nocturnal erections 
yes, voluntary erections no. This type of ED is 
psychogenic. 
Absolute ED: ED is present during all sexual 
situations i.e. marital and extramarital coitus, 
masturbation, and nocturnal erections. The 
degree of erection, if obtained, is similar in all 
situations. This type of ED is organic. 


Obstructed intromission: Failure of 
vaginal intromission despite presence of 
erection can be due to: 


e Mechanogenic ED. 


e Wife factors e.g. vaginismus, tough hymen, 
vaginal bands, congenital absence of vagina. 


Other aspects of the sexual response in 
impotent males 
Libido 

Libido is usually intact in impotent 
males. Some men may develop a decrease or 
loss of libido, on a psychogenic basis, after 
occurrence of their ED. Rarely, other men 
develop their ED after loss of libido due to 
primary depression or endocrinal diseases. 


Ejaculation 


Loss of erection after occurrence of ejaculation 
is diagnosed as a problem of premature 
ejaculation not ED. Loss of erection without 
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ejaculation or occurrence of ejaculation after 
loss of erection or ejaculation with weak or 
absent erection is diagnosed is ED. 


Scheme for diagnosis of ED 


Diagnosis of the cause of ED is achieved 
via three steps: 


1. History and clinical examination, 


2. Tests to differentiate between organic and 
psychogenic ED. 


3. Tests to determine the cause of ED if 
organic (vasculogenic, neurogenic, endocrino- 
genic). 


The first and most important step in 
diagnosing the etiologic type of ED (organic, 
psychogenic), which would decide the type of 
therapy, is a good history and clinical 
examination. If a psychogenic etiology is 
clearly evident, sex therapy is usually 
instituted. If an organic etiology is suspected 
or in cases with an ambiguous picture, further 
diagnostic tests to differentiate between 
organic and psychogenic ED are needed. 
Ambiguous ED refers to cases which show 
an equivocal probability of organic or 
psychogenic etiology from the history and 
clinical examination and its causes are listed 
in table 17.4. Further differentiation between 
an organic and a psychogenic etiology of ED 
can be achieved via several tests: 


(1) NPT monitoring, (2) psychometric 
assessment, and (3) Visual erotic stimulation. 


The cause of psychogenic ED can usually 
be disclosed from the history or during sex 
therapy. Patients giving an organic pattern 
after history and NPT testing should undergo 
further tests to determine the cause of organic 
ED i.e. vasculogenic, neurogenic, or 
endocrinogenic. Table 17.5 presents a scheme 
for diagnosis of impotence as suggested by 
the author. 


Table 17.4: Causes of ambiguous ED . 


1. Mixed organic-psychogenic ED 

2: 

3. Ignorant patient 

4. Patient is unfaithful in reporting his condition 
ED starting during an extramarital affair 
Presence of more than one partner 

ED due to wife infidelity 

Presence of wife during history-tasking 


Feelings of shame 


Psychogenic with occurrence of secondary depression 


Differentiation between organic 
and psychogenic ED 
History data 

The following points favour a diagnosis 
of psychogenic impotence: 
Morning or night erections 


Presence of normal NPT reported by the 
patient as strong morning and/or night 
erections points strongly to a psychogenic 
etiology for the ED. However, it is not 100% 
reliable because a man with psychogenic ED 
may fail to report presence of morning 
erection because he usually does not awaken 
during a REM period or he is particularly slow 
in achieving conscious awareness upon 
awakening. Moreover morning erections can 
be present with some types of organic ED. 
However, these erections are usually abnormal 
(infrequent, or partial, or not maintained). 
Also, patients with psychogenic ED associated 
with anxiety or depression may have absent or 
abnormal morning erections (Table 17.6). The 
presence of normal (strong, frequent, 
maintained) morning erections is highly 
suggestive, but not absolutely indicative, of 
psychogenic ED. Complete absence of 
morning erections or presence of abnormal 
morning erections is of little diagnostic help, 
since in these cases, organic or psychogenic 
ED or both may be present. 


Selective ED 


The presence of normal erection during 
some situation and its absence during others 


signifies healthy physiological erection 
mechanisms and denotes a psychogenic 
etiology. 


Testing for nocturnal penile tumescence 
Physiological basis of NPT 


An average normal night of sleep is made 
of a series of 4 to 6 cycles, each is completed 
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about every 90 minutes. Each cycle has two 
phases: the quiet, non-rapid eye movement 
(NREM) phase, and the activated, rapid eye 
movement (REM) phase. The REM phase is 
characterized by physiologic changes caused 
by autonomic activation (Table 17.6). The use 
of NPT monitoring as a test for the differential 
diagnosis of ED started since 1969. NPT 
occurs also during daytime sleep. Vaginal 
vaso-congestion, a phenomenon comparable to 
NPT, occurs also in women during sleep. 
Sleep-induced erections are psychic erections, 


initiated in the cerebral cortex in 
synchronization with REM periods and are not 
reflexogenic erections since they are 


independent of genital stimulation and occur 
in presence of penile sensory deficits. NPT 
occurs mainly during REM sleep but is also 
present during NREM sleep. There is a steady 
but slight decline in REM-related tumescence 
with age with an associated increase in NREM 
related tumescence. 


The number of erections and total sleep 
time with erections increases through 
childhood to a maximum during puberty. In 
pubescent boys, an average of six erections 
occur each night, with more than 2.5 hours 
time spent in a tumescent state (about 40% of 
the total sleep time). Healthy males between 
13 to 79 years age display 3 to 5 NPT 
episodes per night, each beginning 
approximately every 90 minutes and lasting 
20 to 40 minutes, with a total NPT time of 
approximately 90 minutes per night, or 20% 
of total sleep time. Not all NPT episodes are 
associated with a full erection and the 
incidence of partial erections during NPT 
increases with, advancing age. From age 20 to 
79 years there are age-related gradual 
progressive decline in the number of NPT 
episodes, duration and amplitude of the 
episodes, and total tumescence time per night. 


Table 17.5: Scheme for diagnosis of ED. 


History-taking 
Introductory 
Age, job, educational level, special habits (alcohol, cigarettes) 
Sexual 
Onset (acute, gradual), course (continuous, intermittent), duration 


Presence of erections at any time during the period of complaint (morning, night, masturbation, 
pornography, other women) 


Degree of firmness of erection if occurs (allow penetration without support, need support, impossible 
penetration) 


Type of erectile difficulty (attaining, maintaining, intromission, endurance) 
Libido: present, diminished, absent 
Ejaculation: normal, premature (Iry or 2ry), painful, retarded, absent 
Orgasm: present, pleasure-less, absent 
Sexual habits: foreplay (presence, duration), after-play, positions 
Extramarital relations (past, present) 
Previous coital frequency 
Circumstances of first failure and reaction to them (he, wife) 
Psychological 
Depression (occult, evident) 
Early sexual experiences 
Parents (presence, personality, interrelations, relations to patient) 
His view of woman’s role in sexual act (active, passive) 
His opinion about his genital organs 
Personal troubles (job, financial, enemies, children) 
Medical 
Diabetes (personal, family, duration, control, drugs) 
Drugs (for ED or other diseases) 
Trauma (pelvis, genitals, back, head) 
Operation (major , inguino-scrotal) 
Systemic disease (heart, chest, kidney, liver, nervous) 
Prostatitis 
Wife 
Age, health, love, appeal 
Attitude during intercourse (active, passive) 
Demand (frequent, infrequent) 
Orgasm (frequent, rare, never) 
Character (dominant , passive, moderate) 
Resemblance to his mother 
Troubles (financial, opinions, pregnancy, children) 
Possible contributing causes (odor, lubrication, urination, bleeding, dyspareunia, roomy) 
Reaction to his ED 
Physical Examination 
Secondary sex characteristics 
Signs of systemic disease 
Endocrine, heart, uremia, etc.. 
Genital 
Testicular sensation (normal, weak, absent) 
Penis (palpation of dorsal arteries for penile pulse, Peyronie’s disease, painful lesions) 
Scrotum (hernia, hydrocele, varicocele) 
Prostate (size, congestion, nodules) 
Neurologic 
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Erection and ejaculation (S24): bulbocavernosus reflex, superficial anal reflex, ankle jerk 
Emission (T11-L2): cremasteric reflex, internal anal reflex 


Vascular 


Palpation of arteries (penile, femoral, dorsalis pedis) 


Skin (diabetic angiopathy, ischemia) 
History of claudications (legs, buttocks) 


Investigations 


Urinalysis (infection, sugar, uremia) 
Prostatic (smear, culture ad sensitivity) 


Two-hour postprandial blood sugar 
Nocturnal penile tumescence monitoring 


Dy de ke 


Radioimmunoassay of blood hormones (when needed) 


Tests for diagnosis of organic ED (vasculogenic, neurogenic) 


Sleep erections begin rather abruptly and 
proceed to full tumescence rapidly. Often, 
detumescence begins as a person starts to 
awaken. Thus, it is not surprising that some 
men are seldom aware of erection when 
waking in the morning. Also, subjects who 
wake up slowly may fail to observe morning 
erections. Morning erection is the last 
nocturnal erection occurring during the last 


Table 17.6: Morning erection (NPT) and type of ED. 


REM period before awaking. It is not caused 
by bladder distension. Neither sexual 
intercourse nor bladder fullness affects the 
number of nocturnal erections or their degree 
of tumescence. Nocturnal erections are 
affected by factors decreasing the proportion 
of activated to quiescent sleep e.g. insomnia, 
anxiety, and drugs (hypnotics, tranquilizers, 
and antidepressants). 


Type of ED Quality of erection Causes 
Psychogenic Normal Causes of psychogenic ED 
Absent or abnormal Failure to observe 
Anxiety during sleep 
Depression 
Organic Present but may be abnormal Penile sensory deficits 


Absent or abnormal 


Venogenic ED 

Mild arteriogenic ED 

Pelvic steal syndrome 

Endocrinogenic ED 

Neurogenic ED 

Arteriogenic ED (moderate and severe degrees) 
Drugs causing ED 

Diseases of corpora cavernosa 


(Peyronie’s, fibrosis) 


Table 17.6: REM and NREM phases of sleep cycles. 


Physiological item REM phase NREM phase 

EEG waves Desynchronized, fast, and of Synchronized and of high 
low voltage amplitude 

Rapid conjugate eye movements + = 

Dreaming + 2 

Respiration Quick, shallow, irregular Regular and deep 


Heart rate 
Blood pressure 
Erection and vaginal + 
vasodilatation 


Faster and irregular 
Higher and irregular 


Slower and regular 
Lower and regular 
May be present for a short time 


It is presumed that nocturnal (non- 
sexually stimulated) erections and awake 
(sexually stimulated) erections have a similar 
mechanism. NPT testing is based on the 
assumption that psychogenically impotent 
men have normal erections during sleep, while 
men with organic impotence have sleep 
erections that correspond to their impaired 
awake performance. 


Standard NPT test 


This test measures all sleep erections and 
the degree of their tumescence without direct 
measurement of their rigidity. 


The following physiological parameters 
are monitored continuously on a polygraph 
throughout each night (1) circumference 
changes at the base and coronal sulcus of the 
penis and (2) brain waves (EEG), eye 
movements (EOG), respiration, cardiac 
rhythm, and muscle activity to ensure that 
sleep is not disturbed and that there is a 
sufficient amount of REM to provide a context 
for normal NPT. 


Penile circumference change is measured 
by means of two mercury-filled strain gauges 
at the tip and base of penis because expansion 
at both locations is necessary for vaginal 
penetration. With penile expansion, variations 
in circumference are recorded on the 
accompanying chart recorder. Normal increase 
in circumference during NPT is at least 16mm 
(16-30 mm) and the base expansion is 0.5 to 3 
times more than penile tip expansion to allow 
vaginal penetration. Nocturnal penile erections 
are assessed for (1) total number per night (N 
= 2-4), (2) duration of each erectile episode in 
minutes (N = 20-40), (3) total time elapsed in 
tumescence per night (N > 90 minutes), and 
(4) extent of circumferential change (N = 16- 
30 mm). 


First-night recordings are seldom used in 
diagnosis because the patient’s adjustment to 
unfamiliar surroundings may distort the sleep 
characteristics. Routinely, the second night 
provides the basic data, and the third night is 
reserved for procedures which require waking 
the patient and include patient and technician 
estimates of degree of erection (on a scale of 0 
to 100%), photographing the penis for 
reference, and measurement of penile rigidity 
by the technician. When the patient is 
awakened on the third sleep night, the 
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technician presses the cap of a force- 
application device against the glans until the 
penis visibly bends. A _ constantin-foil, 
precision strain gauge, positioned along the 
dorsal midline of the penis, automatically 
detects a 10- degree bending. The force 
sufficient to cause bending is referred to as the 
buckling pressure. The gauge can measure 
buckling pressures in the range of 1 to 1000 g. 
Satisfactory intercourse requires a minimum 
of about 450 g of buckling pressure. 


RigiScan test 


The RigiScan is an ambulatory unit, 2- 
pound weight, which measures 
simultaneously penile tumescence and 
rigidity. This unit can collect data for a half- 
hour characterization explanation session done 
at office and three 10-hour monitoring 
sessions done at home or a sleep center over 
three nights of sleep. 


The RigiScan is comprised of two 
components: (1) an ambulatory data-logging 
unit which measures nocturnal penile 
tumescence and rigidity, and (2) an office 
microcomputer with a printer that processes 
and prints the received data on a sheet of 
paper. 

The data-logging unit is strapped to the 
medial aspect of the thigh and has a base and 
tip loop that can accommodate a penile 
circumference range of 5 to 15 cm, which 
eliminates the need for multiple sizes. When 
used at home during sleep, the loop tightens 
every 15 seconds to measure penile 
circumference and then loosens so as not to 
impede erectile activity. Penile circumference 
is measured in centimeters, and when there is 
a change in circumference of lcm, the 
RigiScan will take a rigidity reading every 30 
seconds. This measurement will be repeated 
until the change in tumescence is less than 1 
cm, which causes the machine to take rigidity 
readings at the normal 3-minute interval. To 
measure rigidity, the loops tighten with a 
constant force of 10 ounces. A rigidity of 
100% represents no linear displacement of the 
loop when a force of 10 ounces is applied to a 
solid object. Rigidity is expressed in percent 
and is determined by cross-sectional response 
to radial compression. Measurement of penile 
radial rigidity is more accurate than penile 
axial rigidity determined by penile buckling 
force. 


RigiScan monitoring is done for 3 
successive nights to avoid the first-night 
effect, and the patients are instructed to avoid 
naps, alcohol and caffeine to avoid spurious 
results that may arise because of restless or 
short sleep. 


Interpretation of the results of RigiScan 
monitoring includes (1) penile circumference 
changes, (2) penile rigidity %, and (3) duration 
of the NPT episodes. Normal circumference 
change is 3 cm or greater at the base of the 
penis and 2 cm or greater at the tip of the 
penis. Normal rigidity is 70% or greater, up 
to 100%, representing a non-buckling erection 
that enables vaginal intromission. Normal 
duration of a NPT episode is 15 minutes or 
greater. A duration shorter than 3 minutes 
occurs in venogenic impotence. 


The diagnostic accuracy of NPT 
evaluations is 80%. Factors such as 
depression, negative dream content, sleep 
disorders and smoking can produce false- 
negative NPT reading. False positive NPT 
responses may occur in patients with pelvic 
steal syndrome and in certain cases of 
peripheral neuropathy. 


Sildenafil taken before sleep improves 
penile nocturnal erections in organic ED. 


Nocturnal penile tumescence monitoring 
remains the best single noninvasive 
examination to differentiate organic from 
psychogenic ED. The need to measure 
rigidity concurrently with tumescence during 
NPT makes monitoring with the RigiScan the 
procedure of choice when evaluating NPT. 


Psychometric testing for ED 


Analysis of a patients psychologic 
profile may help in diagnosis of a psychogenic 
cause for ED if the patient responds to the test 
items in a manner typical of patients having 
psychogenic ED. Several tests are available: 
(1) the Minnesota Multiple Personality 
Inventory (MMPI), (2) the Derogatis Sexual 
Functioning Inventory (DSFD, (3) the Walker 
Sex Form (SWF), and (4) the California 
Personality Inventory (CPI). However, there is 
considerable disagreement as to which, if any, 
of these tests is able to distinguish 
psychogenically impotent from non- 
psychogenically impotent patients. 


Visual erotic stimulation 


Another method to evaluate penile 
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erection is measuring erection in response to 
visual erotic stimulation (VES). A full erectile 
response makes organic ED unlikely. 
However, unlike NPT, response to VES is 
strongly susceptible to psychological factors, 
such as erotic excitement inhibition, and can 
be normal in states of endocrine abnormality. 
Moreover, the response to VES is negatively 
correlated with age, limiting its value in older 
men. To date, the most important application 
of VES is to investigate the erectogenic or 
anti-erectogenic effect of drugs in clinical 
pharmacological studies. 


Diagnosis of Organic ED 
Diagnosis of arteriogenic ED 


History-taking and physical examination 


The following points should be studied 
during history-taking: 


e Factors predisposing to atherosclerosis i.e. 
hypertension, diabetes, smoking and 
hypercholesterolemia. 


e Onset of impotence after perineal or pelvic 


trauma or major vascular surgery. 


e Chronic perineal compression leading to 
arterial trauma e.g. long distance bicycle 
riders. 


e Pelvic steal syndrome (loss of erection 
during coital thrusting in male-superior 
position). 


e Presence of lower limb claudication. 


The following points should be studied 
during physical examination: 


e Pulse of dorsal penile arteries. 


e Assessment of the feet for temperature, 
trophic changes, and pulse of dorsalis pedis 
arteries. 


Pharmaco-diagnosis (ICI, PGE, test) 


In practice, PGE; (alprostadil) is the 
substance of choice for diagnostic purposes. It 
is available worldwide in 10 or 20 g 
ampoules under the names of Caverject® 
(manufactured by Pharmacia) or Viridal® / 
Edex® (manufactured by Schwarz Pharma). 
The crucial advantage of PGE, is that it causes 
priapism requiring treatment in only 
approximately 0.5-1% of cases, as compared 
to other, older substances such as papaverine 
or papaverine / phentolamine, which cause 


priapism requiring treatment in up to 10% of 
cases. 


A PGE, dosing regimen for diagnostic 
tests depends on patient history and 
underlying diseases. The following dosing 
schedule has proven useful. 


e Neurologic underlying disease (multiple 
sclerosis (MS), spinal cord injury, pelvic 
surgery) -Sug PGE). 


e Standard dose with normal history -10 ug 
PGE). 


e Severe organic underlying disease (e.g. 
diabetes) -20 ug PGE, 


A combination of papaverine / 
phentolamine or papaverine / phentolamine / 
PGE; continues to be used by some 


colleagues as an alternative to PGE, alone. 
As is the case for PGE,, the dose used for 
diagnostic tests depends on the patient’s 
history and underlying diseases, and should 
be adjusted accordingly. As already 
mentioned the main risk of the 
papaverine/phentolamine combination is that 
it induces priapism that requires intervention 
in up to 10% of cases. 


After the injection site has been cleansed 
with an alcohol swab, a 27-30g needle is 
used to inject the vasoactive substance into 
the corpora cavernosa as a bolus from one 
side. 


The patient then has to remain in the 
waiting room for one hour, the extent of 
erection being checked after 10, 20, 30 and 60 
mm. It is wise to monitor blood pressure 
during this procedure. 


Clinicians inject PGE, in the office 
setting in an attempt to identify vascular 
disease of the penis, without the aid of an 
ultrasound device. Sometimes the opinion is 
supported that a positive PGE, test (20-40 
ug) excludes a vascular cause of ED, and that 
it could dispense with the need for 
Doppler/duplex ultrasound of the penile 
arteries. This does not correspond at all to 
other experiences, which showed that many 
patients with a positive injection test had 
severely arteriogenic ED in duplex 
ultrasound. A positive intracavernous 
injection test only demonstrates the integrity 
of the veno-occlusive mechanism, i.e. it 
excludes a so-called venous leak. 
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Measurement of penile arterial dilatation 
and blood flow velocity in the flaccid and 
erect penis (Duplex sonography) 


Measurement of the diameter of the 
cavernosal arteries and their peak blood flow 
velocity both in the flaccid penis and after 
erection induced by intracorporal injection of 
vasoactive agents allows functional evaluation 
of the penile arteries. This is achieved via 
simultaneous ultrasonic imaging of the arteries 
to determine their diameter, and Doppler study 
of their blood flow velocity. 


Initially, ultrasonography is performed on 
he flaccid penis to evaluate the size and shape 
of corpora cavernosa, presence of plaque or 
fibrosis, and the luminal diameter (normally 
0.3 to 1.0 mm) of cavernosal arteries. Luminal 
diameter is taken near the base of the penis 
using electronic calipers. Following this initial 
scan, a rubber band is placed at the base of the 
penis and a vasodilator (10 ug PGE) is 
injected into one corpus cavernosum through a 
27-gauge needle and the rubber band is 
removed after 2-3 minutes. The timing of the 
study is important because arterial dilatation 
and blood flow decrease with increasing 
intracavernous pressure. Arterial dilatation and 
blood flow velocity are measured about 3 to 5 
minutes and again 15 minutes after the 
injection. Early assessment will avoid getting 
a false result in fast responders and in patients 
with large venous leakage who may show poor 
dilatation and inflow owing to rapidly 
decreasing vasodilator concentration within 
the penis. On the contrary, repeating the study 
15 minutes after the injection will avoid 
underestimation in heavy smokers and anxious 
patients, who usually show a slow response 

to intracorporal vasodilators. 


Pharmaco-penile/duplex 
ultrasonography (PPDU) provide the least 
invasive and accurate option to assess the 
penile arterial inflow tract. The parameters 
used to infer the integrity of the penile inflow 
tract are: 


e Cavernosal arterial diameter before and 
after vasodilator injection: Normally 
diameter increases by more then 75 %. 


e Direction of blood flow in the cavernosal 
artery. 


e Peak systolic flow 
Normally > 35 cm/sec. 


velocity (PSV): 


e Acceleration time (AT): Normally 100 ms 
or greater. 


These are measured in the first 5 minutes 
of ICI of PGE, and they study 
arteriogenic ED. If the increase of the arterial 
diameter is less than 25% and the PSV is less 
than 25cm/sec, severe arterial insufficiency is 
apparent. 


End-diastolic flow 
Normally < 5cm/sec. 


velocity (EDV): 


Resistance index (RI): Normally > 0.8. 


These are measured 15 minutes after ICI 
and are aimed to study the cavernous veno- 
occlusive mechanism. EDV > 5 cm/sec, RI < 
0.8 with normal PSV signifies pure veno- 
occlusive dysfunction. EDV > 5 cm/sec with 
PSV < 25 cm/sec signifies mixed arteriogenic 
and venogenic etiologies for the ED. 


When full erection develops, the diameter 
of arteries and the peak flow velocity 
decrease. Therefore, the mean values of this 
test do not apply to the fully erect penis. It is a 
study of the dynamics of tumescence giving 
information about the functional state of 
penile arteries. However, the PGE, test 
included in this study allows a clinical 
evaluation that if the patient develops full 
erection within 12 minutes and the erection is 
maintained for more than 30 minutes, 
adequate arterial and venous capacity can be 
assumed and nonvascular causes for ED 
should be explored. 


Selective internal pudendal arteriography 


This is primarily reserved for imaging and 
subsequent embolization of arterio-cavernous 
fistula causing high flow priapism. Moreover, 
the test may be of value in the few cases of 
young men with ED who have a history of 
pelvic/perineal trauma, leading to isolated 
arterial occlusion, who may be candidates for 
operative revascularization. 


Diagnosis of venogenic ED 


Dynamic cavernosometry/cavernosogr aphy 
(DICC) 


Principle: Cavernous veno-occlusive 
function is assessed by determining the 
relationship between the intracavernous flow 
rate of saline infusion required to sustain 
intra-cavernosal pressure that equals the 
mean arterial systemic blood pressure under 
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conditions of complete cavernous smooth 
muscle relaxation. For accurate testing, a 
condition of a complete smooth muscle 
relaxation is mandatory. This can be induced 
with repeated administration of vasoactive 
agents (re-dosing) and demonstrated by a 
linear relationship between infusion rate and 
intracavernous pressure, and that the 
resistance to venous outflow is constant and 
independent of intra-cavernous pressure. 
Cavernosography may be utilized to identify 
the location of the venous leak. 


Indications: Because of its invasiveness, 
DICC is reserved for the rare patients who 
might have a site-specific venous leak: 


e Primary ED (life long history) in young 
men to confirm VOD. 


e Peyronie's disease with poor rigidity. 


e History of penile fracture or perineal/pelvic 
trauma. 


Procedure: Using aseptic technique, 20ug 
PGE, is injected intra-cavernosally. A 
butterfly needle is inserted vertically into the 
penis and used to infuse saline. The infusion is 
started and the flow rate necessary to maintain 
erection with cavernous pressure > 100 mmHg 
is recorded. Fifty to hundred ml of 
radiographic contrast is instilled and 
radiographs taken to demonstrate the corpora 
cavernosa. Detumescence can be achieved by 
intracavernosal injection of phenylephrine, if 
needed. 


Interpretation: Normal intracavernosal 
pressure is > 90 mmHg. Normal infusion rate 
required to maintain erection is < 20 ml/min. 
If > 20 ml/min flow is required to maintain 
erection, a VOD is diagnosed. False positive 
results may occur if the penis is not fully 
erected. 


Diagnosis of neurogenic ED 


History-taking and clinical examination 
are the most important tools for diagnosis of 
neurogenic impotence. Penile biothesiometry, 
which is an office screening procedure, would 
aid diagnosis if available. If these diagnostic 
elements exclude a neurogenic cause for 
impotence, no further sophisticated tests are 
needed. Neurophysiologic testing = (bulbo- 
cavernosus evoked-response test, dorsal nerve 
conduction velocity, dorsal nerve 
somatosensory evoked-potential testing) is not 


done routinely for impotent men but only when 
the patient has a pre-existing neurologic disease 
or when an abnormality is found during clinical 
examination or biothesiometric screening. 


Histor y-taking 
Neurologic history 


History suggestive of affection of penile 
sensory supply: Diabetes mellitus, head or 
spinal cord trauma, intervertebral disc disease, 
multiple sclerosis, chronic alcoholism, 
exposure to industrial toxins, or CNS tumors. 


History suggestive of affection of penile 
autonomic supply: Surgical history including 
previous penile, urethral, perineal, or radical 
pelvic surgery. History of diabetes mellitus 
(may cause peripheral and/or autonomic 
neuropathy). A history of bladder or bowel 
dysfunction may provide a clue to the 
possibility of an accompanying pelvic 
autonomic neuropathy. 


Sexual history 


Onset of ED: Sudden onset is observed 
with traumatic and surgical cases. Gradual ED 
occurs in diabetes mellitus, chronic 
alcoholism, and spinal tumors. 


Quality of erection: Complete absence of 
erection is due to surgical or traumatic 
transection of the pelvic autonomic nerve or 
occurs after advanced peripheral or autonomic 
neuropathy. Partial erections commonly occur 
in diabetes mellitus. Inability to maintain 
erection occurs in the dorsal nerve impotence 
syndrome. 


Dorsal nerve impotence syndrome (penile 
sensory deficit impotence syndrome): These 
patients are able to obtain a normal erection 
but are unable to maintain erection during 
coitus. They often have an associated 
difficulty with ejaculation. These patients have 
normal nocturnal penile tumescence studies 
and are diagnosed only after biothesiometric 
evaluation and subsequent dorsal nerve 
somatosensory evoked potential testing. The 
dorsal nerve provides sensory information 
from the surface of the penis to the spinal and 
cerebral centers of erection.. Erection useful 
for coital activity probably requires several 
episodes of repeated sensory information to 
cerebral centers to allow for efferent 
reactivation via cerebral-sacral pathways to 
the pelvic cavernous nerve. 
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Clinical examination 
Penile sensation 


Clinical determination of the sensation of 
the penis is important and may be obtained 
from pinprick testing or by temperature testing 
with alcohol swabs. 


Bulbocavernosus reflex 


Clinical assessment of the bulbo- 
cavernosus reflex should be an essential part 
of examination of impotent patients since 
absence of this reflex is highly suggestive of a 
neurologic lesion in the sacral spinal reflex arc 
of erection and the reflex can normally be 
elicited in 98% of normal males. The arc 
studied by this reflex includes: (1) an afferent 
sensory limb (dorsal nerve of the penis and 
pudendal nerve) (2) sacral spinal centre for 
erection (S24), and (3) an efferent somatic 
motor limb (pudendal nerve and perineal 
nerve). The afferent limb receives stimuli from 
the penile skin and the efferent limb gives 
stimuli to the contracting muscles (external 
anal sphincter, bulbocavernosus and 
ischiocavernosus). Since the muscular 
contraction of the external anal sphincter is 
easier to observe, it is used clinically to 
determine if the reflex is present or absent. 


The bulbocavernosus reflex is elicited by 
squeezing the glans penis and observing the 
contraction of the external anal sphincter or 
feeling this contraction by putting the other 
index finger in the rectum. To elicit this reflex, 
the patient must be relaxed and the pressure 
applied to the glans should not be painful. If 
the patient is anxious or tense the pelvic floor 
muscles will be in a contracted state and it 
may be impossible clinically to observe the 
reflex. 


Tests to evaluate afferent neural 
of erection 


pathways 


Screening test: penile biothesiometry 


This is study of penile skin sensory 
function by determination of the patient 
perception threshold of penile vibration 
induced by a biothesiometer. This is a portable 
hand-held electromagnetic vibration device 
that has a fixed frequency of vibration but a 
variable amplitude of vibration. To test for the 
threshold of vibration perception the 
amplitude of vibration is gradually increased 
until the patient reports the first perceived 


vibration threshold and, again, a higher 
amplitude of vibration is gradually decreased 
until the patient reports absence of perception 
of vibration. The two amplitudes should be 
equal. The test is performed first on control 
sites (right and left pulp areas of the index 
fingers) and next on the test sites (right and 
left sides of the mid shaft of the penis as well 
as the glans penis). The normal 
biothesiometric value is age dependent and 
each age group has its normal value of penile 
vibration perception threshold. This 
phenomenon may be explained by Pacinian 
corpuscle degeneration, collagen dermal 
infiltration, and dermal atrophy. The normal 
higher values for glans penis vibration 
sensation is due to the paucity of Pacinian 
corpuscles in the dermis of the glans. 


Electro-neurophysiologic tests 
Bulbocavernosus evoked response (BCER) test 


In this test, which has the same reflex arc 
of the  bulbocavernosus reflex, penile 
stimulation is evoked by electric stimulation 
of either side of the shaft of the penis via skin- 
stimulating electrodes, and the response of 
bulbocavernosus by contraction is reported 
electromyographically via surface electrodes 
placed over the bulbocavernosus muscles 
beneath the sacrum. Normally, bilateral 
electromyographic responses follow unilateral 
nerve stimulation. The test aims at 
determination of latency time between penile 
nerve stimulation and  bulbocavernosus 
muscles contraction. Normal latency time is 
28 to 42 milliseconds and higher values denote 
affection of the afferent sensory dorsal nerve, 
S24 spinal cord segments or the efferent 
somatic motor perineal nerve. 


Dorsal nerve conduction velocity 


A bulbocavernosus evoked-response test 
is performed with one stimulating electrode at 
the glans penis and a second test is done with 
the other stimulating electrode at the base of 
the penis. The difference in time between the 
latencies of the two tests divided by the 
distance between the two stimulating 
electrodes represents the dorsal nerve 
conduction velocity in the shaft of the penis. 
To make the dorsal nerve straight, the penis is 
stretched by means of a small weight (one 
pound) which is attached to the glans penis. 
The conduction velocity normally ranges 
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between 21.4 and 29.1 milliseconds and is 
abnormally elevated in patients with 
peripheral neuropathy. 


Dorsal nerve somatosensory evoked-potential 
(DNSEP) test 


This is electro-neurophysiologic evaluation 
of the complete afferent pathway of the dorsal 
nerve both peripheral and central to the 


sensory cerebral cortex. The differences 
between BCER and DNSEP tests are 
illustrated in table 17.8. 

Tests to evaluate efferent 


autonomic pathways of erection 


At present there is no available clinically 
useful test for direct assessment of the 
integrity of the parasympathetic pelvic 
cavernous nerve pathway, either central or 
peripheral. Available procedures are either not 
completely reliable (papaverine supper 
sensitivity test) or are used only for research 
purposes. 


Diagnosis of endocrinogenic ED 
History-taking 
Sexual history 


Libido: Depression of libido due to 
hormonal factors is caused by hypo- 
androgenemia, hyperprolactinemia, or hyper- 
estrogenemia. Libido is usually depressed in 
hypoandrogenism (due to primary or 
secondary hypogonadism), hyper- 
prolactinemia, disorders of thyroid and adrenal 
glands, with some drugs, and in systemic 
diseases causing endocrinogenic ED. Libido is 
usually intact in diabetes mellitus. 


Ejaculation: Absence or decreased 
volume of ejaculate may be produced by 
hypoandrogenism or diabetes mellitus. 


Menopausal symptoms: Some elderly 
impotent men with androgen deficiency may 
report menopausal symptoms e.g. hot flushes. 


Hair changes: Post-pubertal androgen 
deficiency may lead to decreased shaving 
frequency of beard and toss of pubic and 
axillary hair. A rapid loss of beard and body 
hair (over 6 to 12 months) should make one 
suspicious of concomitant adrenal 
insufficiency. Patients with prepubertal 
androgen deficiency have a scant beard and 
shaving is infrequent e.g. every month. 


Table 17.8: Differences between BCER and DNSFP tests. 


Criterion BCER test 


DNSEP test 


Study of 
nerve, spinal 


Afferent peripheral part of dorsal 


Afferent dorsal nerve pathway, 
peripheral and central 


center, efferent motor perineal 


nerve 
Stimulating electrode Penile skin 
Recording electrode Bulbocavernosus 
Recorded response 
Sacral lesions 


28-42 msec. 


Main indication 
Normal conduction time 


Causes of prolonged 


conduction time lesions 


Electromyographic 


Peripheral neuropathy or sacral 


Penile skin 

CNS 
Electroencephalographic 
Supra-sacral lesions 
Peripheral 12 msec. 


Central 28 msec. 
Total 40 msec. 


Peripheral time: peripheral neuropathy 
or sacral lesions 


Central time: supra-sacral lesions 


Etiologic history 


Symptoms of diseases of the endocrine 
glands: Diabetes mellitus, thyroid and adrenal 
disease. 


History of causes of primary or secondary 
hypogonadism: e.g. anosmia (Kallmann’s 
syndrome), headache (prolactinomas), visual 


disturbances (pituitary tumor), mumps 
(orchitis). 

History of intake of drugs causing 
endocrinogenic ED: e.g. alcohol, 


corticosteroids, ketoconazole, cimetidine, etc.. 


History of systemic diseases causing 
endocrinogenic impotence: e.g. chronic renal 
failure, liver disease etc.. 


Clinical examination 
Signs of hypoandrogenism 


Habitus: Habitus is normal in post 
pubertal androgen deficiency. Prepubertal 
androgen deficiency (eunuchoidism) is 
characterized by eunuchoidal skeletal 
proportions: (1) upper-body: lower-body ratio 
< 1 and (2) arm span > 2 inches greater than 
height. 


Hair: When evaluating facial and body 
hair, racial background must be taken into 
consideration. Caucasians usually shave daily, 
whereas many blacks, Asians, and American 
Indians shave less frequently and may have 
hair limited only to the axillary, pubic and 
sternal area. 
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Hypogonadal facies: In addition to loss of 
face hair and absence of temporal baldness 
there are fine wrinkles that radiate from the 
eyes and mouth in individuals with 
hypogonadism. 


Breasts: Gynecomastia may be present in 
some patients with endocrinogenic ED e.g. 
Klinefelter's syndrome, hyperprolactinemia, 
etc.. 


Genitalia: While the penis and scrotum 
are infantile and underdeveloped in patients 
having prepubertal androgen deficiency, they 
arc of adult normal size in those with 
postpubertal androgen deficiency. The prostate 
decreases in size and feels small due to 
atrophy after post-pubertal hypogonadism but 
is not palpable or very small in patients having 
prepubertal androgen deficiency. 


The size and consistency of the testes 
must be evaluated. The normal testis 
averages 4.6 cm long (range 3.6 to 5.5 cm) 
and 2.6 cm wide (range 2.1 to 3.2 cm). The 
Prader orchidometer, which consists of a 
series of plastic ellipsoids graded in size 
from 1 to 30 ml, is a helpful adjunct in 
determining testicular volume (normal 
volume is greater than I8 ml). Testes 
damaged before puberty are small and firm 
while those damaged after puberty are 
characteristically small and soft. Small testes 
themselves do not necessarily simply 
diminished Leydig cell function since the 
seminiferous tubules constitute 
approximately 95% of the testicular volume. 


Signs of other endocrine disorders 


The patient is examined for signs of 
diabetes mellitus, thyroid and suprarenal dis- 
orders, chronic renal failure, etc.. 


Investigations 


Determination of plasma level of 
testosterone and prolactin is done in impotent 
males suspected having endocrinogenic ED. 
Low plasma level of testosterone is present 
in both hypergonadotropic and hypo- 
gonadotropic hypogonadism. They can be 
differentiated by determination of plasma 
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levels of LH and FSH. These are raised 
above normal levels in hypergonadotropic 
but are subnormal or low in hypo- 
gonadotropic hypogonadism. In patients with 
hypo-gonadotropic hypogonadism, the 
pituitary hormones other than LH and FS 
should be assessed (ACTH, TSH, an growth 
hormone). Patients having gynecomastia or 
suspected androgen resistance (high serum 
level of testosterone an LH with under- 
musculinization) should have a serum 
estradiol determination. 


Section 4: Disorders of male sexual response 


Chapter 18: Erectile dysfunction: 


Pharmacotherapy 


Introduction 


For most men with erectile dysfunction, 
pharmacotherapy provides the initial form of 
therapy. Historically, locally active agents 
were used, such as injectable papaverine, 
phentolamine and prostaglandin. In the late 
1990s, the first effective oral agent, namely 
sildenafil, became available and it was soon 
followed by other similar drugs such as 
vardenafil and tadalafil. While all these agents 
acted peripherally within the penis, drugs that 
work within the central nervous system to 
improve erectile function have proven more 
difficult to develop, with apomorphine 
currently the only licensed agent. 


General recommendations 


1) PDES5 inhibitors are effective, safe and well 
tolerated therapies for the treatment of men 
with erectile dysfunction. 


2) PDES inhibitors are first line therapy for 
most men with erectile dysfunction who do 
not have a specific contraindication to their 
use. 


3) There is no evidence of significant 
differences in efficacy, safety and tolerability 
between the PDES inhibitors. 


4) Apomorphine is an effective and well 
tolerated treatment for men with erectile 
dysfunction. 


5) Sildenafil has superior efficacy to 
apomorphine in the treatment of men with 
erectile dysfunction. 


6)Intracavernosal injection therapy with 
alprostadil is an effective and well tolerated 
treatment for men with erectile dysfunction. 


7) Intracavernosal injection therapy with 
alprostadil should be offered to patients as 
second line therapy for erectile dysfunction. 


8) Intra-urethral alprostadil is an effective and 
well tolerated treatment for men with erectile 
dysfunction. 


9)Intra-urethral alprostadil is a less effective 
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treatment than intracavernosal alprostadil for 
the treatment of men with erectile dysfunction. 


Oral pharmacotherapy 
Classification of oral drugs 
A. Centrally acting drugs 


1- Adrenergic receptor antagonists: 
Yohimbine. 


2- Serotonin receptor agonist: Trazodone. 

3- Dopamine receptor agonist: Apomorphine. 
B. Peripherally acting drugs 

1. PDESIs: Sildenafil, Tadalafil, Vardenafil. 
2. Adrenoceptor antagonists: Phentolamine. 
3. Nitric oxide donors: L-arginine. 
Yohimbine 


This is an alkaloid obtained from the bark 
of the yohimbehe tree found in central Africa. 
Before the discovery of sildenafil it was the 
most prescribed drug worldwide for the 
treatment of ED. 


It is a selective centrally and peripherally 
acting antagonist of -adrenoceptors. It 
facilitates erection at the central level and 
causes relaxation of cavernous smooth 
muscles by antagonizing the vasoconstriction 
induced by epinephrine release. Controlled 
studies revealed that it is of little value in 
organic ED and may have some value over 
placebo in psychogenic ED. Side effects 
include anxiety, nausea, palpitations and 
increase in blood pressure. It may be used in 
psychogenic ED for a maximum of 2 months 
either on a regular regimen (3x10 mg/day) or 
on as-needed regimen, taking 10-15 mg 30-60 
min. prior to intercourse. Yohimbine has also 
been reported to be effective in delayed 
ejaculation or orgasm. 


Trazodone 


This drug has both a central effect (it is 
SSRI used in treatment of depression) and 


peripheral a-adrenoceptor effect that inhibits 
cavernous smooth muscle contraction and 
facilitates its relaxation. Priapism may occur 
as a side effect, other side effects include 
marked fatigue and sleepiness, headache, 
nausea and fall of blood pressure. In the era of 
very successful PDESIs, the only indication of 
trazodone may be psychogenic ED in a 
patient having depression. 
Apomorphine 

This a central dopamine receptor agonist 
which acts predominantly on the para- 
ventricular nucleus of the hypothalamus. 
Apomorphine-induced erections are both 
testosterone and NO dependent. The drug 
(Uprima 3mg tablets) is taken sublingually 
and the erectogenic effect occurs after 20 
minutes. Side effects include nausea, 
headache, dizziness and hypotension. 
Controlled studies revealed poor benefit in 
organic ED. It may be used in psychogenic 
ED. 


Phentolamine 


Phentolamine is a competitive, non- 
selective a; and œ adrenoceptor, antagonist 
which block a-adrenoceptors. Phentolamine 
mesylate (vasomax 40 mg oral tables) was 
introduced but later removed from the market 
due to its very limited efficacy. This is on the 
contrary with phentolamine use with 
papaverine which is a successful ICI therapy 
for ED. 

L-arginine 

L-arginine, a NO donor, is a_ basic 
component of the daily diet which may 
increase NOS activity and may affect penile 
erection. High-dose (Sg/day) administered 
orally produced significant improvement in 
erection in 31% of the patients. This is lower 


than the improvement usually obtained by 
PDESIs. 


Phosphodiesterase-5 Inhibitors: 
Sildenafil (Viagra®), Tadalafil 
(Cialis®) and Vardenafil (Levitra®) 


The physiological basis of erection 


Pro-erectile impulses are generated in 
the parasympathetic erection centers of the 
limbic system and the hypothalamus, in 
particular in the paraventricular nucleus and 
the medial preoptic area, which are the key 
regions for the central regulation of erection. 
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Perception of sexual (erotic) stimuli, such as 
visual, imaginary or tactile stimuli, activate a 
variety of receptors processing the 
stimulatory signals, which in turn are running 
via oxytocinergic/dopaminergic neurons to 
the spinal parasympathetic reflexogenic 
erection center, located at the level S»-S4. 
Parasympathetic nerve fibers, the so called 
nervi erigentes, leave the  reflexogenic 
erection center and build along with the 
sympathetic nerve fibers originating from the 
superior hypogastric plexus-the inferior 
hypogastric plexus-which continues in the 
cavernous nerves. These cavernous nerves 
contain both sympathetic and parasym- 
pathetic fibers and perforate the pelvic floor 
(urogenital diaphragm) to enter the 
cavernous bodies at the level where the 
cavernous crura are diverging. 


Erection-initiating neurotransmitters in 
the brain are dopamine (via D»-receptors) and 
melanocortins, for which five melanocortin 
receptors (MCR) have been identified, of 
which the MC-4-R seems of special 
importance for erection. 


After entering the cavernous bodies the 
parasympathetic nerve fibers principally 
divide into two different nerve terminals: 
cholinergic (acetylcholine, ACH) nerve 
terminals ending at the endothelial cells and 
stimulating nitric oxide (NO)-synthase, 
which catalyzes the production of NO from 
L-arginine and O», and non-adrenergic, non- 
cholinergic (NANC-peptidergic) nerve 
terminals at the cavernous smooth muscle 
cells, from which NO and VIP (vasoactive 
intestinal polypeptide) are released into the 
smooth muscle cell. There, NO activates 
guanylate cyclase, which catalyses the 
breakdown of guanosine triphosphate into 
3’5’-cyclic guanosine monophosphate 
(cGMP), the key second messenger for 
erection (Fig. 18.1). 


At the cellular level, smooth muscle 


relaxation is mediated through 2 distinct 
(through interacting) pathways i.e. the 
adenylate cyclase / cyclic adenosine 
monophosphate (c AMP) and guanylate 


cyclase/cyclic guanosine monophosphate (c 
GMP) pathways. Adenylate cyclase is 
activated to cleave ATP to cAMP by a variety 
of stimuli, including calcitonin gene related 
peptide, vasoactive intestinal peptide, and 
prostaglandin E1 (CGRP, VIP, PGE1). 


Stimulatory 
Neurotransmitters 


Dopamine, NO, Oxytocin 


NE (partly), Serotonin (partly) 
ct-MSH, Vasopressin, ACTH 


Cerebral 
sex centers 


Erotic stimuli 
(visual, tactile, 
imaginary) 


NO+Citrulline | 
fas J 


| 
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Fig. 18.1: Physiology of erection and the impact of PDE-5 inhibitors on erection. 


Guanylate cyclase activation, resulting in 
cGMP production results from NO release 
from both nerve endings and vascular 
endothelium. Elevated levels of intracellular 
second messenger (CAMP/cGMP) result in the 
efflux of Ca™ from the cell, which leads to 
smooth muscle relaxation and penile erection 
(Fig. 18.2). 


The Phosphodiesterase (PDE) system 


Currently the PDE system includes 11 
families, with a total of more than 50 variants 
(isoforms). The distribution and density of 


Sildenafil 
Accumulation of cGMP due to 
inhibition of PDE5 


PDEs varies among the different tissues, 
(heart, lung, kidney, liver, testis, ovary, colon, 
pituitary, skeletal muscle, vascular and 
visceral smooth muscle, platelets, retina). The 
PDEs catalyze the breakdown of either cGMP 
or cyclic adenosine monophosphate (cAMP), 
which are both second messengers with 
specific physiologic functions. By hydrolyzing 
the phosphodiesterase bond of cAMP or 
cGMP, these second messengers are 
converted to the _ biologically-inactive 
monophosphates, resulting in termination of 
their physiologic functions. 


v 


Intracellular Ca™* decrease 


Relaxation 


Smooth muscle cell corpus cavernous 
AC = Adenylyl cyclase; GC = Guanylyl cyclase 


Fig. 18.2: Cellular mechanism of erection in the cavernous smooth muscle cell. 
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In addition to PDE-5. which is the most 
abundant one in the corpus cavernosum, to 
date at least 13 other PDEs have been 
identified in the cavernous bodies: PDE-lA, 
PDE-1B, PDE-1C, PDE-2A, PDE3A, PDE- 
4A, PDE-4B, PDE-4C, PDE-4D, PDE-7A, 
PDE-8A, PDE-9A, PDE-10A. 


Apart from their direct impact on 
cavernous function, PDE-4 and -5 inhibitors 
also inhibit proliferation and migration of 
smooth muscle cells. PDE-3 and PDE-4 
inhibition can reduce re-stenosis after 
angioplasty procedures, individually, or by 
acting synergistically, and are therefore under 
investigation for their potential on 
angiogenesis. 

Clinical efficacy assessment 


Regarding the clinical efficacy of a PDE- 
S inhibitor several tools are used in clinical 
trials. 


Regarding the general assessment 
question (GAQ): “Has the treatment you have 
been taking improved your erections?” This 
efficacy tool does not really tell whether the 
patient is able to attain an erection sufficient 
for sexual intercourse or not. This relatively 
weak efficacy measure is widely used, 
especially by pharmaceutical companies, 
because usually it yields the highest success 
rates. 


International 
(IEF ) 


The IIEF was originally developed to 
evaluate the clinical efficacy of sildenafil 
(Viagra®) and became the most accepted and 
used efficacy tool for drugs assigned to treat 
ED world wide. It comprises 15 questions in 
five domains, addressing erectile and orgasmic 
function, sexual desire, sexual satisfaction and 
overall satisfaction. Each question has six 
response options scoring between zero (worst) 
and five (best result). For evaluation of the 
erectile efficacy of a drug the IEF erectile 
function (EF) domain, comprising questions 1- 
5 and 15, represents the strongest efficacy 
tool, with a score >25 indicating a normal 
erectile function. 


index of erectile function 


Sexual encounter profile (SEP) 


The sexual encounter profile relies on the 
recordings of the patients in the patient diaries 
distributed to the patients with the study 
medication and collected al each study visit. 
The SEP comprises the following five 
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questions: 


1. Were you able to achieve at least some 
erection (some enlargement of the penis?) 


2. Were you able to insert your penis into your 
partner’s vagina? 


3. Did your erection last long enough for you 
to have successful intercourse? 


4. Were you satisfied with the hardness of 
your erection? 


5. Were you satisfied overall with this sexual 
experience? 


SEP question 3 (ability to complete sexual 
intercourse) turned out to be the most precise 
and most frequently used efficacy measure in 
clinical ED trials. 


Pharmacokinetic issues of the three PDE-5 
inhibitors-onset and duration of clinical 
efficacy 


The pharmacokinetic profile of a drug 
comprises all the different steps between its 
entry into the body and its elimination. In this 
regard of special interest is the speed of 
absorption, which is best defined by the Tmax 
(time needed to reach the maximum plasma 
concentrations-Cyax) and Ty. (half-life), 
defined as the time it takes for the fall of the 
plasma concentrations of a drug to half of its 
Cmax Values. In the clinical setting the Tmax 
corresponds quite well with the speed of 
clinical efficacy (onset of erection) and the 
Tin (half-life), with the period of clinical 
efficacy. 


As illustrated in table 18.1 all three drugs 
show similar earliest onset of action times, 
with vardenafil being a bit ahead. In this 
context it must be taken into consideration that 
both with sildenafil and vardenafil, the 
pharmacokinetic parameters Tmax onset of 
action and Cmax are clearly dependent on food 
intake; that means that after intake of a high 
fat (59% fat) meal a delay in Tmax of 60min 
and a reduction in Cmax of 29% was observed 
with sildenafil; similar data are valid for 
vardenafil. On the other hand, with tadalafil, 
no food interaction was reported even with 
high fat meal. 


Pharmacodynamics 


The term pharmacodynamics covers all 
actions of a drug on the different body organs, 
and in turn on their functions (for example 
blood pressure, heart rate, vision). 


Table 18.1: Pharmacokinetics of the three PDE-5 inhibitors. 


Drug Thay Onset of Action Tp (h) Duration of Cay 
(min) (min) Efficacy ng/ml 
earliest and >50% (h) (% successful 
pt. response . 
coitus) 

Sildenafil 100mg 70 (30-120) 14 20 3.8240.84 4(81%) 327 + 236 
Tadalafil 120 (30-720) 16 30 17.5 36 (62%) 378 
20mg 
Vardenafil 20mg 40(15-180) 11 25 3.9441.31 82 (69%) 20.941.83 


The pharmacodynamic interactions of any 
drug are influenced by the number of receptors 
available in the target organ and the affinity of 
the compound for the receptors in question. 

In patients with renal and hepatic 
insufficiency special dose adjustments have to 
be considered in dependence of the severity of 


organ failure and the applied PDE-5 inhibitor 
(see Table 18.2). 


Bleeding time 


Both with aspirin 150mg and warfarin, no 
increase in bleeding time was observed with 
the PDE-5 inhibitors. 


Table 18.2: Pharmacodynamic issues with the three PDE-S inhibitors. 


Parameter/Condition Sildenafil Tadalafil Vardenafil 
CYP3A4 inhibitors’ Start dose 25 mg Max. dose 10mg/72h Max. 2.5 mg/day 
CYP 3A4 inhibitors” Start dose 25mg Max.dose 10mg/72h Max.dose 

Max. dose 25 mg/day 2.5 mg/72h 
Age > 65 years Start dose 25mg No dose adjustment Start dose 5 mg 
Severe renal failure Start dose 25mg Max. dose 5mg No dose adjustment 


(Creatinine clearance 


<30 ml/min.) 
Mild/mod.hepatic Start dose 25 mg 
failure 
Blood pressure drop 8.4/5.5 mmHg 
systolic/diastolic 
a-blockers Interval of 4h 
recommended 
Antihypertensives No interactions of 
(all drug classes) clinical relevance 
Alcohol intake (0.5-0.6 No additional 
g/Kg) hypotensive effect 
Contraindications Nitrates and NO donors? 
Safe interval for nitrate Not defined 
medication in (presumably 24h) 


emergencies 


Max.dose 10mg Start dose 5mg 
Max.dose 10mg 
1.6/0.8 mmHg 7/8 mmHg 

Stable a-blocker 
therapy recommend. 


Start dose 10mg 


Stable a-blocker 
therapy recommend. 
Start dose 5mg 

No interactions of 
clinical relevance 

No additional 
hypotensive effect 
Nitrates and NO donors 


No interactions of 
clinical relevance 
No additional 
hypotensive effect 
Nitrates and NO 
donors 


4.8 hours 24 hours 


'CYP3A4 inhibitors: erythromycin, ketoconazole, itraconazole: up to 3-10 fold increases in the plasma 
concentrations of the respective PDES inhibitors. Cimetidine: 56% increase in sildenafil plasma 
concentrations; not valid for vardenafil; tadalafil not reported. 


°CYF3A4 inhibitors: protease inhibitors ritonavir, indinavir, saquinavir: increase in plasma 
concentrations of the respective PDE-5 inhibitors between 1.5-fold (tadalafil) and 16-fold (vardenafil) 
CYP3A4 inducers: Rifampin: decrease of PDE-5 inhibitor plasma levels up to 88% (reported for tadalafil). 


*Nitrates and NO donors: all short and long-acting nitrate-containing drugs, including recreational 
drugs such as “poppers’ as well as molsidomine and nitroprussid-natrium containing medications. 
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Cardiovascular risk patients 


Those with left ventricular outflow 
obstruction (aortic and sub-aortic stenosis), 
recent (<6 months) myocardial infarction, and 
stroke or life threatening arrhythmias, as well 
as hypotensive (RR < 90/50) and hypertensive 
(RR > 170/110) patients, can be particularly 
sensitive to the systemic actions of PDES5 
inhibitors. 


In conditions/drugs with a known risk of 
priapism, such as sickle cell disease, leukemia 
and multiple myeloma, PDE-5 inhibitors must 
be used with special precautions. 


A-blockers 


Sildenafil 25mg simultaneously applied 
with doxazosin 4mg resulted in symptomatic 
postural hypotension, which was also the case 
with tadalafil 20mg. After tamsulosin 0.4mg, 
both tadalafil 20mg and vardenafil 5mg did 
not exert any clinically relevant influence on 
blood pressure, whereas vardenafil 5 mg, if 
simultaneously applied with terazosin 10 mg, 
resulted in symptomatic hypotension, which 
could not be observed if both drugs were taken 
six hours apart. Tadalafil 20mg applied with 
alfuzosin 10mg did not result in clinically 
significant hemodynamic interaction. 


Nitrate-/NO donor interactions 


All three PDE-5 inhibitors showed 
clinically relevant interactions with nitrates in 
the sense of symptomatic blood pressure 
decays if given simultaneously. Therefore all 
three PDE-5 inhibitors are contraindicated for 
patients with nitrate medications. The time 
interval considered to be safe between the 
administration of a PDE-5 inhibitor and a 
nitrate medication is 24 hours for the short- 


acting sildenafil and vardenafil, and 48 
hours for tadalafil. 
Efficacy and indications 

The efficacy of the three PDE-5 


inhibitors was investigated world wide in 
large-scale trials, both in mixed ED 
populations as well as in subpopulations, like 
patients with diabetes, and after nerve-sparing 
radical prostatectomy. (Table 18.3). 


All three PDE-5 inhibitors were 
remarkably successful in a variety of ED 
subpopulations including patients with 
diabetes, patients with neurologic disorders 
such as spinal cord injuries and multiple 
sclerosis, patients after radical prostatectomy- 
provided they have undergone a nerve sparing 


procedure, patients with hypertension or 
coronary artery disease, as well as patients 
with renal insufficiency or after kidney 
transplant. 


It has to be stated that all three PDE-5 
inhibitors yielded very similar success rates, 
with only minor differences in the efficacy 
end-points (Table 18.3). 


Long-term efficacy 


Long-term studies (two years) were able 
to prove that, in general there is no loss of 
efficacy among the three PDE-5 inhibitors. 


Apart from improvement in ED, 
improvements in other sexual domains such as 
orgasmic function, overall satisfaction with 
the sexual experience, and the quality of life 
along with improvement of depressive 
symptoms, and increases in partner 
satisfaction with the sexual life, were regularly 
reported with the use of PDE-5 inhibitors. 


First-dose-success 


Large studies were able to show that even 
with the very first dose of a PDE- 5 inhibitor, 
the overwhelming majority of patients with 
87% SEP 2 rates (successful vaginal 
penetration) for vardenafil 10mg and with 
79% SEP 2 rates for tadalafil 20mg, could 
successfully be treated. 


Table 18.3: Efficacy of the three PDE-S inhibitors in various ED populations. 


Sildenafil/placebo Tadalafil/placebo Vardenafil/placebo 
ED (50/100mg) (10/20mg) (10/20mg) 
Population SEP 3(% ) SEP 3(% ) SEP 3(% ) 
Mixed 66/20 75/32 75/39 
Diabetes 48/12 48/20 54/23 
BNSP RRP No controlled multicenter 41/19 37/10 

studies 
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Side effects 


As shown in table 18.4, the side effects 
observed with the use of PDE-5 inhibitors are 
principally the same, except for color and 
brightness visual disturbances, which almost 
exclusively occurred after sildenafil, and 
back/muscle pain being observed in a small 
portion of patients after tadalafil. In the 
overwhelming majority, these drug-related 
adverse events were mild to moderate and 
resulted in only 1-2% of early drop-outs in the 
clinical trials. 


Cardiovascular safety 


The risk for myocardial infarction and 
death per 100 patient-years with PDE-5 
inhibitors was not greater than with placebo. 
In addition, patients with coronary artery 
disease were able to confirm that PDE-5 
inhibitors do not have any detrimental effect 
on the cardiovascular safety, which is also 
valid for patients taking antihypertensives, 
regardless of the number of antihypertensives 
currently administered in the same patient. 
Moreover, many patients currently taking 
nitrates can be withdrawn from this treatment 
without facing disadvantages, and can then be 
successfully treated with a PDE-S5 inhibitor. 


Ocular safety 


Recent reports in the mass media that 
PDE-5 inhibitors may induce blindness due to 
so-called non-arteric anterior ischemic optic 
neuropathy (NAION), made patients unsure 
about the safety of these medications. Although 
at the moment the FDA could not see the proof 
for a causal connection between the cases 
reported and the use of PDE-5 inhibitors, the 
PDE-5 manufacturers were requested to include 
in their new label warnings about NAION. 
Conditions with a higher likelihood for NAION 
are: age > 50 years, heart disease, diabetes, 
hypertension, high cholesterol, nicotine use, 
certain eye problems. 


Overdose 


Sildenafil: doses of up to 800mg 
increased dose-dependently the well-known 
drug-related adverse events, without 
occurrence of new side effects currently not 
seen under therapeutic doses. Tadalafil: single 
doses of up to 500 mg and daily dosing of 
100mg for three weeks, resulted in a dose- 
dependent increase in drug-related adverse 
events already observed under therapeutic 
doses, but no new unknown side effects 
occurred. 


Non-responders to PDES inhibitors 


Of course there are real non-responders to 
PDE-5 inhibitors. Real non-responders mostly 
have a severe end-organ failure, which means 
that the cavernosal tissue has lost a 
considerable portion of its functional smooth 
musculature. In the clinical setting these PDE- 
5 inhibitor non-responders show severe veno- 
occlusive dysfunction, with many of them also 
non-responding to intracavernosal injection of 
vasoactive drugs such as alprostadil or the 
trimix combination. Quite frequently this 
veno-occlusive dysfunction (syn: venous leak 
or cavernous insufficiency) is associated with 
severe impairment of the penile arterial blood 
supply in the penile color Doppler findings. 
But many so-called non-responders may be 
rescued by appropriate counseling, by 
treatment of concomitant diseases or change in 
medication use. The definition of a real non- 
responder is justified if no success is seen 
under the following conditions: use of at least 
four tablets with the highest dose of the 
respective PDE-5 inhibitor, at four different 
occasions, under optimal conditions 
(appropriate sexual stimulation, appropriate 
interval between tablet intake and sexual 
activity, with sildenafil and vardenafil-fasting 
conditions for two hours, and with tadalafil- 
keeping an interval of at least two hours 
between intake and sexual activity). 


Table 18.4: Drug-related adverse events with the three PDE-5 inhibitors. 


Side effect Sildenafil Vardenafil Tadalafil 
Headache 14.6% 14.5% 14% 
Flush 14.1% 11.1% 4% 
Dyspepsia 6.2% 3.7% 10% 
Rhinitis 2.6% 9.2% 5% 

Back pain 0% 0% 6% 
Visual disturbances 5.2% 0% 0% 


In the literature the following measures 
resulted in convincing salvage rates from 
previously defined PDE-5 non-responders: 


1. Re-counseling of the patients in the proper 
use of PDE-5 inhibitors, including especially 
the use of the highest doses, with salvage rates 
of up to 60%. 


2. Optimal treatment of concomitant diseases, 
such as optimal diabetes control (elevated 
glycosylated hemoglobin can directly impair 
the relaxant capacity of the cavernosal smooth 
musculature) or hypertension control. In 
addition, treatment of hypercholesterolemia 
with statins such as atorvastatin were able to 
improve erectile function per se, due to the 
fact that statins decrease low density 
lipoprotein (LDL) levels and subsequently the 
negative effect of oxidized LDL _ on 
endothelial function. 


3. Treatment of concomitant hypo- 
gonadism. As it is proven that testosterone 
regulates the expression of PDE-5 and the 
responsiveness to PDE-5 inhibitors in the 
corpus cavernosum, and that androgens per 
se improve the cavernous vasodilatation, hy- 
pogonadal men with ED show principally a 
poorer responsiveness to PDE-5 inhibitors 
and also other erectogenic drugs. In this 
regard many authors have provided evidence 
that hypogonadal ED patients, originally 
unresponsive to PDE-5 inhibitors, may be 
rescued by testosterone replacement 
therapy. 


4. "High dose" (overdosing) PDE-5 inhibitor 
therapy i.e. doubling the maximum dose, 
resulted in a 24% salvage rate of ED patients 
previously unresponsive to 100mg sildenafil. 
This concept may also apply for vardenafil 
and tadalafil in suitable patients especially in 
unresponsive diabetics. 


5. Shifting patients to another PDE-5 
inhibitor: Shifting of real non-responders from 


sildenafil to vardenafil resulted in a rescue 
success rate of 12% 


6. Daily dosing with PDE-5 inhibitors for 
several months in patients, previously 
unresponsive, is able to rescue more than 50% 
of failures. Although this was proven for 
sildenafil and tadalafil, it can be assumed that 
this also holds true for all PDE-5 inhibitors, in 
particular in patients. with severe organic ED. 


Chronic daily dosing of PDE-5 inhibitors 


Although all three PDE-5 inhibitors were 
developed and approved for as-needed use, 
many experts in this field moved to daily 
dosing, provided the patients could afford it. 
Daily dosing of PDE-5 inhibitors at bed time 
became a successful treatment option in early 
sexual rehabilitation of patients after nerve- 
sparing radical prostatectomy. But beyond this 
indication, daily dosing with PDE-5 
inhibitors turned out to be very successful in 
non-responders to on-demand treatment, 
supported by increased nocturnal erection 
events in the healthy men. This concept is very 
promising for organic ED patients with several 
cardiovascular risk factors, and relieves the 
patients from scheduling sexual activities. 
This is especially welcomed by their partners. 
In addition, chronic dosing with PDE-5 
inhibitors, either short-acting (here sildenafil) 
or long-acting (tadalafil), resulted in 
improvement of endothelial dysfunction. This 
holds true not only for the cavernous bodies, 
but also for the endothelium in the whole 
vascular system. In this regard it may be 
speculated that daily dosing with PDE-5 
inhibitors may have long-term beneficial 
effects on the whole vascular system, and 
perhaps also on voiding difficulties related 
with benign prostate hyperplasia, as PDE-5 is 
widely distributed within the prostate. 


Comparison between oral and ICI 


pharmacotherapy 
This is illustrated in table 18.5. 


Table 18.5: Comparison between oral and intracorporal pharmacotherapy. 


Item PGE, Sildenafil 
Method Invasive Noninvasive 
Need for sexual stimulation No Yes 

Onset of erection 10-15 minutes 60 minutes 
Cyclic nucleotide augmented cAMP cGMP 


Type of erection 
Rate of dropout 
Use in ED 


High 


Induced (non-physiological) 


When sildenafil fails 


Spontaneous (physiological) 
Low 


First line treatment 
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Table 18.6: Newer PDES inhibitors. 


Item Udenafil Mirodenafil Lodenafil Avanafil 
Availability Korea, Russia, Korea Brazil 
Saudi Arabia 
Tmax (h) 0.76-1.25 1.25 1.2 35 min 
Ty(h) 9-12 2.5 2.4 < 1.5 
Dose in mg 100, 200 50, 100 40, 80 100, 200, 300 
% response 53, 63 52, 73 46, 74 58,62, 64 
(SEP3) 
Side effects Flushing (9%) Flushing (9%) Headache (15%) Flushing (4%) 
Headache (8%) Headache (8%) Dyspepsia (5%) 
Nausea (2%) Nausea (2%) Rhinitis (5%) 
Eye redness (2%) Eye redness (2%) Flushing (5%) 
Colour visual disorders 
(3%) 


Newer PDE5S inhibitors 
See table 18.6. 


Intracavernous 
pharmacotherapy 
Self-Injection Therapy 


The demonstration by Virag in 1982 that 
intracavernous injection (ICI) of papaverine 
produced a fully-rigid erection in normal 
males, introduced a new route’ of 
administration in the clinical management of 
pharmacologic agents for the treatment of 
erectile failure. Three groups of drugs are 
presently used for  self-injection therapy 
worldwide. These include papaverine, o- 
adrenoceptor blocking agents such as 
phentolamine, and prostaglandin El (PGE)). 
These compounds have proven to be effective 
in all etiologies of erectile failure such as 
psychogenic, neurogenic or  vasculogenic 
impotence. 


Other agents that have been investigated 
for their suitability in self-injection therapy, 
but never reached the stage of official 
approval or even off-label use, comprise 
calcium channel blocking agents, vasoactive 
intestinal polypeptide, ketanserin, histamine, 
B-adrenergic agonists, nitric oxide donors 
(insidomine or sodium nitroprusside) etc. 
Generally speaking, compounds that were able 
to relax the smooth muscle cells of both the 
penile arteries and the cavernous tissue, 
subsequently resulting in blood engorgement 
of the cavernous sinusoidal spaces, with 
activation of the veno-occlusive mechanism 
through compression of the subtunical veins, 
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may be principally considered for self- 


injection therapy in ED. 


Up to 1998, self-injection therapy was the 
only effective pharmacologic treatment in ED 
and was considered a first-line option in this 
indication. But with the launch of sildenafil 
(Viagra®) IC self-injection therapy became 
generally a second-line option for the majority 
of ED patients, with the exception of those 
men in whom phosphodiesterase-5 (PDE-5) 
inhibitors were contraindicated, or turned out 
to be ineffective. 


The biological effects of drugs used for 
ICI are presented in table 18.7. 


Alprostadil (PGE,-Caverject®, 


Viridal® 


Edex®, 


Several investigators have assessed, in 
large groups of patients, the effectiveness of 
PGE, for the treatment of erectile failure in 
man. 


PGE,-induced relaxation of CC muscle is 
mediated through the activation of 
prostaglandin receptors and subsequent 
activation of the membrane bound adenylate 
cyclase, resulting in an increase in intracellular 
concentrations of cAMP in the cavernous 
tissue. Further consequences of the PGE- 
mediated relaxation of human CC are the 
activation of maxi K channels, resulting in 
hyperpolarization and changes in 
transmembrane Ca” flux. These effects are 
complimented by the ability of PGE, to inhibit 
the release of noradrenaline from sympathetic 
nerve endings and to suppress angiotensin II 
secretion in the cavernosal tissues (Fig. 18.3). 


Table 18.7: Biological effects of marketed vasoactive drugs for self-injection in erectile dysfunction. 


Compound Site of action (mechanism) Effect on cavernous tissue 
Papaverine PDEs (inhibition, non-selective) cAMP/cGMP T 
L-type Ca”* channels (inhibition) intracellular Ca?" J 
Angiotensin II secretion (inhibition) smooth muscle tone J 
Phentolamine 1-2 adrenoceptors (blockade) Noradrenaline effects 4 
Maxi K* channels (stimulation) Hyperpolarization 
NO-synthase (stimulation) Intracellular NO T 
Alprostadil (PGE) Adenylate cyclase (stimulation) cAMP Î 
Pre-synaptic 0, receptor (inhibition) Noradrenaline release J 
Angiotensin II secretion (inhibition) Smooth muscle tone 4 
Maxi K* channels (stimulation) Hyper-polarization 
TGF-B1 (inhibition) Collagen production J 
Moxisylyte a1-adrenoceptors (blockade) Noradrenaline effects 4 
VIP Adenylate cyclase (stimulation) cAMPT 


Intracavernous injection of PGE, has 
definite advantages over the use of other 
drugs, such as the mixture of 
papaverine/phentolamine. PGE, is readily 
metabolized in the body by 15-hydroxy- 
prostaglandin dehydrogenase, an enzyme that 
was identified in the human CC. The enzymic 
degradation of PGE, within the human CC 
probably contributes to the remarkably low 
incidence of undesirable side effects, such as 
prolonged erection and priapism. 


PGE, was also shown to suppress the 
collagen synthesis by TGF-beta 1 in cultured 
human CC, suggesting that PGE; may play a 
key role in modulation/prevention of collagen 
synthesis with subsequent fibrosis of the CC. 
This suppressive effect correlates well with 
the low incidence of local fibrotic lesions 
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reported in PGE,-injected ED patients (Table 
18.9). 


In the meta-analysis involving literature 
review in patients with erectile failure, PGE, 
showed a response rate of more than 70% 
(Table 18.8) and compared to the mixture of 
papaverine and phentolamine, a considerably 
lower risk of priapism (0.35% versus 6%, 
respectively) as well as of local fibrotic 
complications such as penile nodules, 
indurations, or fibrosis during long-term 
injection therapy. Intra-penile pain or tension 
following intracavernosal injection of PGE, is 
the other most frequently reported complaint 
in 7.2% of patients (Table 18.9). Except for 
rare cases of blood pressure decrease, no 
systemic side effects were observed after 
intracavernous injection of PGF. 
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Fig. 18.3: Physiologic actions of alprostadil (PGE,) on erectile function. 
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Table 18.8: Efficacy of vasoactive substances in the diagnosis of ED. 


Substance Dose (Min/Max) Responders 
Papaverine 30/110mg 61% 
Papaverine/ 15mg/1.25mg 68.5% 
phentolamine 60mg/2mg 

PGE, (alprostadil) 5ug/40ug 72.6% 


There are data indicating that 


intracavernosal PGE1 therapy may also 
promote transient, partial or complete 
restoration of spontaneous erections. 


Although the mechanism of this effect is not 
clear, both psychogenic factors and local 
effects on penile arterial and cavernous 
smooth muscle function have been implicated. 


Alprostadil (PGE,) is approved for self- 
injection therapy in ED as _ Caverject® 
(Pfizer/Pharmacia, USA) in 10 and 20ug dual 
chamber syringes, and as Edex®/Viridal® 
(Schwarz Pharma, Germany) in 10, 20 and 
40ug dual-chamber syringes. 


Papaverine 


Papaverine is a non-opiate derivative 
from Papaver somniferum (poppy plant) and 
was the first clinically effective pharmacologic 
therapy for ED tried as an IC injection. 


Papaverine caused marked vasodilatation 
of the penile arteries and decreased venous 
outflow, as recorded by Doppler. 


At the cellular level, papaverine is a 
nonspecific phosphodiesterase inhibitor that 
causes increases in intracellular cAMP and 
cGMP, resulting in corporal smooth muscle 
relaxation and penile erection. It may also 
modulate cavernosal smooth muscle tone 
through inhibition of voltage-dependent L- 
type Ca™ channels independent of cAMP, and 
also leads to suppression of angiotensin II 
secretion in cavernosal tissue. 


It is well established that IC injection of 
papaverine may cause cavernosal fibrosis. 
Fibrotic changes were observed in 5.7% and 
12.4% of patients after papaverine, and the 
mixture of papaverine/phentolamine, 
respectively (Table 18.9). Compared with 
PGE), an increased risk of prolonged erection 


and penile fibrosis was associated with long- 
term IC papaverine. 


Increased damage to — cavernosal 
endothelial cells by papaverine had been 
reported within the human CC after injection 
of papaverine and papaverine/phentolamine, 
but not after injection of PGE). The acidity 
(pH < 5) of papaverine or papaverine / 
phentolamine solutions probably contributes 
to both the cytotoxic and fibrotic effects of 
papaverine. To avoid incurring permanent 
damage to endothelial cells, these findings 
encourage the use of alprostadil containing 
preparations instead of papaverine containing 
formulations for intracavernous injection 
therapy. Papaverine is extensively metabolized 
in the liver and _papaverine-induced 
hepatotoxicity has also been reported (see 
Table 18.9). 


Papaverine hydrochloride is marketed in 
1-2ml ampoules containing 30mg papaverine 
per 1ml. The most commonly used doses in 
ED were 30-60mg; the dose range described in 
the literature varies between 10 and 110mg. 


Alpha-adrenoceptor blockers 
Phentolamine 


Phentolamine is a competitive, non-selective 
Ql;-and Q-adrenoceptor blocker that acts both 
on pre-synaptic and postsynaptic O- 
adrenoceptors. In addition its activities are 
also attributed to potassium channel opening 
and endothelin-antagonist properties, as well 
as to NO synthase (NOS) stimulatory effects. 
The intra-cavernous injection of phentolamine 
5 mg only resulted in penile tumescence but 
not rigidity, whereas a combination of 
phentolamine and papaverine showed additive 
efficacy resulting in long-standing rigid 
erections sufficient for sexual intercourse. 


Table 18.9: Side effects of vasoactive substances in intracavernous injection treatment. 


Substance Priapism > 6h Fibrosis Pain Elevated liver enzyme 
Papaverine 7.1% 5.7% 4% 1.6% 

Papaverine/ 7.8% 12.4% 11.6% 5.4% 

phentolamine 

PGE, (alprostadil) 0.36% 0.8% 7.2% 0% 
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Moxisylyte 


Moxisylyte is an Q-adrenoceptor blocker 
with predominance of j-adrenoceptors. 
Moxisylyte was developed for self-injection 
therapy in France as Icavex®. Although its 
success rates were reported to range between 
40% and 61%, its efficacy was clearly inferior 
to alprostadil. This may be the reason why this 
drug was not widely used for self-injection 
therapy. Recently, the manufacturer of 
Icavex® decided to withdraw this drug from 
the market . 


Vasoactive intestinal polypeptide 


Vasoactive intestinal polypeptide (VIP) 
was considered to be one of the strong 
candidates for penile erection in the 1980s. 
The reasons for that is the fact that it is one of 
the naturally occurring neurotransmitters 
present in considerable amounts in the male 
genital tract. VIPergic nerves are densely 
distributed in the penis supplying the pudendal 
arteries and the cavernous smooth muscle 
cells. 


However, intracavernous injection of VIP 
in man produced tumescence and not erection. 
Therefore, the finding that VIP was not able to 
induce penile rigidity adequate for coitus, 
when injected intra-cavernosally in normal 
volunteers and impotent men, made a potential 
role as a primary neurotransmitter for penile 
erection unlikely. 


Drug combinations for self-injection therapy 
General considerations 


PGE; is still the first line option for 
patients who either do not respond or show 
contraindications for oral phosphodiesterase- 
5 inhibitors. Besides PGE; mono therapy, 
several potentially useful combinations have 
been used for self-injection therapy as second 
line options. The vasoactive agents most 
commonly used in combination therapy, were 
phentolamine, papaverine, PGE,, and VIP. 
Potential advantages of the use of combination 
therapies over mono therapy may depend on 
the number of drugs/strength of the mixtures 
used, an increase of efficacy by targeting 
different sites of action in the erection process, 
reduction of side effects such as priapism or 
fibrosis, and reduction of costs per application. 


For instance, in vitro studies on human 
and rabbit cavernosal strips demonstrated that 
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phentolamine significantly potentiated 
relaxation induced by sildenafil, VIP and 
PGE]. These vasodilators also significantly 
enhanced relaxation induced by phentolamine 
in the cavernosal tissue strips. The 
enhancement of VIP and PGE,-induced 
relaxation (CAMP-mediated) by phentolamine 
suggests a synergistic interaction, while the 
interaction between phentolamine and 
sildenafil (cGMP-mediated) appears to be 
additive. Sildenafil and PGE, has additive and 
synergistic effects, respectively, with 
phentolamine-induced relaxation. Therefore, 
in combination therapy using phentolamine as 
an adjunct, the efficacy of vasodilators that 
initiate erection via independent relaxant 
pathways is increased due to a reduction in 
adrenergic tone, through the o-adrenoceptor 
blockade. 


Combination of papaverine and 
phentolamine (Androskat®) 
The combination of papaverine / 


phentolamine has become popular since 1985, 
and has competed with alprostadil mono 
therapy for a long time. The mixture of 
papaverine/phentolamine is commercially 
available and approved as _ Androskat®. 
Androskat® is marketed in 2m1 ampoules 
containing 15mg papaverine and 0.5mg 
phentolamine per 1ml i.e. a total content of 
30mg papaverine + Img phentolamine per 
ampoule. As a rule of thumb, the efficacy of 
one ampoule Androskat® is comparable to 
10ug alprostadil, and two ampoules 
Androskat® to 20ug alprostadil. The major 
disadvantages of papaverine/phentolamine is 
its relatively high risk of priapism >6 hours 
ranging between 2 and >10% (mean 7.8%) 
depending on the concentration of the first 
dose used (Table 18.9). 


The main indication for using the mixture 
of papaverine/phentolamine are patients with 
ED in whom PGE,-induced erections were felt 
intolerably painful, which is relatively often 
the case after major pelvic surgery (RRP, 
cystectomy, rectum amputation), or this 
minority of patients in whom PGE; mono 
therapy turned out to be inferior to 
papaverine/phentolamine. Long-term use of 
the mixture of papaverine/phentolamine was 
marked with a considerably higher risk of 
cavernous fibrosis compared to alprostadil 
monotherapy. 


Table 18.10: Preparation of a mixture of trimix. 


Drug Volume of ingredient in ml Concentration of ingredient/ ml of 
trimix 

Papaverine Hcl (30mg/ml) 25 17.6mg/ml 

Phentolamine (Smg/ml) 0.5 0.59mg/ml 

Prostaglandin E; (500ug/ml) 0.05 5.9ug/ml 

0.9% saline for injection 1.2 

Total volume 4.25 


Combination of papaverine / phentolamine / 
PGE; (Triple drug, syn. Trimix) 


The use of the triple drug combination of 
papaverine / phentolamine / PGE, was 
reported for the first time in 1990. There is no 
question that at present the triple drug 
combination represents the most effective 
regimen in self-injection therapy, which was 
also preferred over alprostadil. The major dis- 
advantage of this powerful drug-combination 
is the fact that up to now, no commercially 
available preparation exists worldwide, i.e. the 
patients or the pharmacists have to reconstitute 
this combination individually, which is 
relatively complicated and cumbersome for 
many patients. Table 18.10 illustrates how to 
prepare a mixture of trimix. 


The dose of ICI of trimix is 0.25ml. This 
dose contains 4.41mg of papaverine, 0.15mg 
of phentolamine and 1.47ug of PGE). This 
dose equals in efficiency about 10ug of 
alprostadil. However, trimix produced better 


Potential of mal-injection in self-injection technique 


3. Intratrabecular 
injection 


rigidity and erection maintenance than 
alprostadil. 


Combination of VIP and Phentolamine 
(Invicorp®) 


At present he  VIP/phentolamine 
combination is not officially available in any 
country due to poor results. 


Other drug combinations for self-injection 
therapy 


There are a variety of other drug 
combinations, mostly with PGE, (alprostadil), 
such as triple drug with PGE, / papaverine / 
chlorpromazine (0.5 mg/ml) instead of 
phentolamine, or triple drug + atropine, PGE; 
+ ketanserin, PGE, + CGRP (calcitonin gene- 
related peptide), PGE, + forskolin (activates 
the enzyme adenylate cyclase and increases 
intracellular cAMP), or triple drug and 
forskolin, but none of these combinations were 
able to achieve any market acceptance or 
official approval. 
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Fig. 18.4: Technique of self-injection therapy. 


[165] 


Combination of Ssell-injection therapy and 
oral drug therapy 


The successful conversion of non- 
responders either to high dose alprostadil 
mono-therapy (40 ug) or to the triple drug 
combination (40 ug PGE,/48mg papaverine/ 
3.2mg phentolamine) by combining self- 
injection therapy with 100mg sildenafil, was 
reported in 34% of patients treated in this way. 
In another controlled study with patients 
experiencing unsatisfactory erections at both 
the 50 and 100mg dose of sildenafil, the 
combined treatment with 20ug IC-PGE, 
resulted in a statistically significant 
improvement of the erectile response in 65% 
of the patients. 


Complications of self-injection therapy 


The most frequent side effects 
encountered with self-injection therapy are: 


Prolonged erections / priapism: the frequency 
of which has been shown to be drug and dose- 
dependent (see Table 18.9). Priapisms lasting 
longer than six hours must be interrupted by 
injecting IC a sympathomimetically acting 
antidote and/or evacuation of the entrapped 
blood through a butterfly canula. The six hour 
time limit has absolutely to be considered in 
order to avoid irreversible ischemic damage to 
the cavernous tissue. 


Fibrosis of the cavernous tissue: the 
occurrence of which has also shown a clear 
drug dependency (see Table 18.9). 52% of the 
patients showed spontaneous improvement 
despite most of them (91%) continuing self- 
injection therapy. The tendency for 
spontaneous disappearance of the fibrotic 
changes may be supported by temporary 
discontinuation of self-injection therapy for 
two to four months, followed by a re- 
education of the patient in the correct self- 
injection technique. In roughly half of the 
patients, fibrotic changes are followed by the 
development of penile deviations frequently 
requiring surgical intervention. 


Penile hematoma/bruising is the most often 
encountered side effect observed with self- 
injection therapy, and occurred between 33% 
and 47%. Hematoma occurred more 
frequently in those patients who developed 
fibrotic changes in the further course, pointing 
to the potential role of mal-injection technique 
in this regard. 
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Rare complications with self-injection 
therapy are the occurrence of infections / 
abscesses, needle breakages requiring surgical 
removal, or even the development of 
cavernous thrombosis with involvement of the 
pelvic veins and subsequent lethal pulmonary 
embolism. 


Special populations/features with injection 
therapy 


Patients on anticoagulants 


Self-injection therapy can be performed in 
men on warfarin anticoagulants, without 
increasing the risk of bleeding/ecchymosis. 


Transplant patients 


The literature does not show any 
increased risk with self -injection therapy in 
patients who have received kidney or heart 
transplants. 


Diabetics 


ED patients with diabetes have increased 
risk of fibrosis and painful sensations with 
self-injection therapy. 


Trans (intra) urethral Therapy 


Transurethral alprostadil (PGE,) with 
MUSE® (Medicated Urethral System for 


Erection) 


A new alprostadil preparation using 
transurethral application with a small single- 
use applicator was introduced in 1994, and 
later on developed as MUSE® (Medicated 
Urethral System for Erection) for market 
approval. Although the transurethral 
application route seemed at first glance to be 
preferable to self-injection therapy, the out- 
come and especially direct comparative trials 
to intra-cavernously-applied alprostadil 
(Caverject®, Edex®, Viridal®), revealed a 
distinct inferiority of MUSE® (79% and 48%, 
respectively). 


Typical frequent side effects of MUSE® 
are penile/urethral pain between 25 and 43%, 
and urethral bleeding (around 5%). 
Infrequently reported adverse events are 
dizziness with fall in blood pressure (1-5%), 
and even the occurrence of syncope between 
0.4 and 3%. 


Of importance for achieving the best 
efficacy with MUSE® and avoidance of 
bleeding is a correct technical application, i.e. 


to insert MUSE® directly upon micturition 
with the urethra still being moist. The efficacy 
of MUSE® may be enhanced by simultaneous 
application of a constriction bandage on the 
base of the penis to a void quick drainage of 
the medication through the penile veins. 
Successful salvage of non-responders to mono 
therapy either with sildenafil or MUSE® using 
a combination of both methods was reported 
by several authors. At present the main 
indications of MUSE® are patients, non- 
responsive to PDE-5 inhibitors due to damage 
of the autonomic penile nerve supply after 
pelvic surgery or trauma (RRP, cystectomy). 


Topical Therapies 


Whereas there have been several sporadic 
reports on locally applied agents for the 
treatment of ED, the paucity of well controlled 
trials indicated poor success and acceptance 
rates of these drugs and precludes their 
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widespread use in ED. Currently, there is no 
worldwide approved topical therapy for the 
treatment of ED on the horizon, although 
topical agents have been widely investigated 
in clinical studies and trials. 


These topical therapies include: 


1. Minoxidil: One ml of 2% minoxidil 
solution is applied on the glans penis 20 
minutes before attempt of intercourse. This 
drug is a potent vasodilator antihypertensive. 


2. Nitroglycerine: A smooth muscle relaxant 
used in plaster form for treatment of angina 
pectoris. This plaster (32mm x 89mm) is 
placed longitudinally on the penile shaft for 1- 
2 hours then removed immediately before 
intercourse. 


3. Papaverine: A 20% gel is applied to the 
scrotum, perineum and penis. 


Section 4: Disorders of male sexual response 


Chapter 19: Erectile dysfunction: Other lines of 


therapy 


Penile implant surgery 
Indications 

These include: 
1. Moderate or severe venogenic ED. 
2. Severe arteriogenic ED. 


3. Severe structural abnormalities (Peyronie's’ 
disease) or cavernosal abnormal arteries (e.g. 
after prolonged priapism). 


4. When medical therapy is contraindicated or 
causes severe side effects. 


5. Failure of first line (PDESIs) and second 
line therapy (intracavernosal injection, urethral 
alprostadil suppositories, external penile 
appliances). 


6. Combined vasculogenic and neurogenic 
ED e.g. diabetes mellitus 


For those men, in whom penile prostheses 
are suggested, careful counseling before penile 
implant procedures will limit many of the 
problems with postoperative dissatisfaction. 
Once the discussion and demonstration of 
penile implant varieties has been carried out, 
patients may then choose a specific prosthetic 
type based on their needs and preferences. 
Younger patients with normal manual 
dexterity and patients who wear form-fitting 
clothing or who shower in public (e.g. health 
club) often choose a three-piece inflatable 
penile prosthesis because appearance in the 
flaccid position is better than other designs. 
For these patients, implantation of a semirigid 
rod penile prosthesis requires a significant 


Table 19.1: Available penile prostheses. 


lifestyle change and they are better served 
with an inflatable-type prosthesis. 


Similarly, patients with Peyronie’s 
disease, secondary implantation, or 
neurological disease are best served with an 
inflatable penile prosthesis considering 
interior tissue pressures are diminished 
between uses and the possibility of extrusion 
is diminished. For patients in whom the 
convenience of inflation and deflation are not 
important, the risks of mechanical 
malfunctions may outweigh the concealment 
disadvantage of a malleable penile prosthesis. 
Such patients as paraplegics - who require 
external urinary collection device, those with 
inadequate manual dexterity, or those with 
significant obesity may be better served with 
a malleable penile prosthesis. 


Types of penile implants 


There are three classes of penile implants, 
hydraulic, semi-rigid, and soft silicone (Table 
19.1). The hydraulic consists of two types, the 
three-piece inflatable and the two-piece 
inflatable. Two companies manufacture the 
three-piece variety; American Medical 
Systems (AMS) and Coloplast. 


Both companies market two widths of 
inflatable cylinders. AMS calls its standard 
cylinder the CX and its narrow cylinders the 
CXR. Coloplast titles its standard cylinder the 
Titan and its narrow-base model the Titan NB. 
The narrow cylinders are appropriate for the 
thin penis and for the penis with scar tissue 
where dilation to a large caliber corporal body 
is not easily accomplished. 


Semirigid rods Inflatable 

AMS 600 (AMS) 700 CX (AMS) 
Malleable (Coloplast) 700 LGX(AMS) 
Dura II (AMS) Alpha I (Coloplast) 


Titan (Coloplast) 
Ambicor (AMS) 
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All of these cylinders expand in girth, but 
not in length. AMS also manufactures the 
LGX cylinder that expands in girth and length. 
Cylinder construction is quite different for the 
two manufacturers. AMS cylinders are 
composed of three layers. The inner layer is 
silicone, the middle layer is a fabric of woven 
Dacron and Lycra, and the outer layer is 
silicone. 


The Coloplast cylinders and reservoir are 
made of Bioflex, a material similar to 
polyurethane, and silicone is used for the 
pump and the tubing to connect the 
components. 


Coloplast devices are all pre-connected 
between the cylinders and pump (Fig. 19.1). 
The cylinders are available in 2 cm increments 
from 10-22cm - longer lengths are available 
by special order. Reservoir sizes are 75 cc and 
100cc. AMS devices are available pre- 
connected and also as separate components. 
Cylinder length for AMS is in 3 cm 
increments from 12-21 cm for the standard 
size CX and LGX, but 2 cm increments for the 
downsized CXR. Reservoir sizes available are 
65 and 100 cc. 


Infections are the most disastrous 
complications of any implantable device. Both 
companies have taken steps to decrease the 
incidence of these problems by applying 
coatings to the prosthesis designed to retard 


bacterial growth. In May 2001 AMS 
introduced inhibiZone™, a patented antibiotic 
surface treatment that impregnates 


minocycline and rifampin into the external 
silicone surfaces of all the components, 
resulting in a mottled orange external 
appearance. 


Coloplast also coats their Titan and Titan 
NB. The hydrophilic coating absorbs 23 times 
its weight in water and the theory is that when 
a coated implant is soaked in an antibiotic- 
containing solution the antibiotics adhere to 
the surface of the device. 


The only two-piece device presently 
available is the AMS Ambicor (Fig. 19.2). In 
this 2-piece model the pump mechanism has 
been moved from the tip of each cylinder to a 
separate scrotal pump attached to the two 
cylinders. Depression of the pump causes fluid 
to move from a 3-5 cc reservoir in the base of 
the cylinder to the middle of the penile shaft 
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achieving marked rigidity. Detumescence is 
obtained by bending the penis 90° from the 
horizontal position for 12 seconds. Flaccidity 
and erection are compromised with this model 
when compared to the 3-piece multi- 
component device, mainly because the 
reservoir volume is so severely restricted. 


There are two types of semi-rigid rod 
prostheses, the malleable and the mechanical. 
Coloplast’s Genesis is a malleable device 
composed of a braided silver wire surrounded 
by a silicone hydrophilic coat. The AMS 650 
and 600 implants have similar construction of 
silicone surrounding a stainless steel woven 
core (Fig. 19.3). 


The Jonas prosthesis also has a silver core 
and silicone covering. The AMS Dura II is a 
unique semi-rigid rod that features articulating 
segments of polyethylene held together by a 
central spring (Fig. 19.4). The articulating 
segments resembling a ball and socket are 
covered by a polytetrafluoroethylene sleeve 
and surrounded by a silicone jacket to prevent 
ingrowth of tissue into the mechanical parts. 


The three-piece inflatable penile 
implants are somewhat complex to insert, as 
they require a reservoir placed in the 
abdominal cavity. However, they do give the 
best rigidity and the best flaccidity since they 
will fill every part of the corporal bodies. 
Since reservoir capacity is capacious, 
stretching of pliant tunica and compression of 
erectile tissue does not cause deterioration of 
the erectile tissue with time, as witnessed with 
self-contained or two-piece devices with no 
reserve fluid volume. The three-piece 
inflatable also gives the best flaccidity, as all 
fluid can be drained out of the cylinders into 
the reservoir when the non-erect state is 


desired. The pumping and deflating 
mechanisms of both the Coloplast and AMS 
models require some manual dexterity; 


patients who are lacking in this ability may 
find it difficult to work these devices. 


When selecting a prosthesis for a 
particular patient the surgeon considers the 
three choices of semirigid, 2-piece inflatable, 
and 3-piece inflatable. All things being equal 
and cost not being a factor, the 3-piece is 
considered the gold standard in most 
industrialized countries. The semi-rigid rod 
implants are easy to insert and usually easy to 
manipulate. 


Fig. 19.1: Coloplast Titan Alpha 1 


Fig. 19.3: AMS 650 Malleable 


Patient selection 


The rods are especially bendable and with 
minimal exertion can easily be maneuvered in 
the upward or downward position. The wire 
devices will sometimes spring back and may 
not be perfectly positionable for erection or in 
a straight downward position. Sitting and 
standing may require surreptitious 
manipulation of the device to promote 
concealment. Patients with spinal cord injury 
have been more prone to have erosion of semi- 
rigid rod cylinders through the glans because 
of cylinder pressure and the absence of 
sensation. The patient lacking cutaneous 
sensation may not appreciate when rods are 
eroding through the tissues of the penis. Most 
authorities recommend inflatable implants for 
spinal cord injury patients. When considering 
choices of semi-rigid rods, the mechanical 
model, AMS Dura II, is more expensive than 
the devices using internal wires, but is "the 
prosthesis of choice for patients lacking 
manual or mental ability to manipulate other 
devices". The two-piece prosthesis is 
advantageous if the surgeon desires to avoid 
intra-abdominal reservoir placement since the 
functional result is better than a rod implant. 


Deterioration in erection with time may 
occur. The three-piece “gold standard” 
accounts for 70% of implants implanted in the 
United States, while 20% are two-piece 
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Fig. 19.4: AMS Dura-II 


inflatable (Ambicor) devices. The remaining 
10% are semi-rigid rods. Outside the United 
States, where the cost of the rods is 
considerably less, the split is 50% inflatable 
and 50% rods. 


Outcome studies published in the medical 
literature indicate higher satisfaction from 
implants than pills, injections, or VEDs. The 
majority of well-informed patients elected 
surgical correction rather than pursing a trial 
of intracavernosal injections or VED. 


Today a patient would be considered a 
good candidate for a penile prosthesis if he 
had failed medical therapy or if medical 
therapy were contraindicated and the other 
therapies such as penile injections, intra- 
urethral therapy, and VED have also failed or 
do not satisfy the patient. Patients who 
eventually opt for an implant are usually 
highly motivated to continue with sexual 
activity. 

In many instances, the physician helps the 
patient decide which prosthesis type to choose. 
This decision is usually based on the 
physician’s comfort with the surgical 
approach, assessment of body habitus, and 
manual dexterity of the patient and overall 
cost. Patients with a larger penis will be best 
served by a three-piece inflatable device, as 
these devices deliver the best rigidity. 
Similarly, patients with shorter penises often 


choose the three-piece device, since semi rigid 
rods and two-piece implants are more difficult 
to conceal. Patients with limited manual 
dexterity or those who have difficulty 
manipulating hydraulic devices are directed 
towards a semi-rigid rod. 


It is important for the patient receiving a 
3-piece inflatable implant to understand that 
the post implant size of his penis will 
invariably be slightly shorter than his natural 
erection when he was fully potent. Also, 
unlike a normal erection, the prosthetic 
erection does not result in an increase in the 
size of the glans. Preoperative consultation 
with the implant candidate should explain this 
loss of length, but emphasize that girth of the 
penis may be greater than a natural erection, 
and girth, not length is responsible for penile 
rigidity. To continue along this line of 
reasoning, rigidity is what produces maximum 
sexual satisfaction in the female, as the area 
for maximal female stimulation resides just 
inside the introitus. 


Sensitivity of the penis, ejaculatory 
abilities, and sexual drive are for the most part 
unchanged following placement of a 
prosthesis. The patient needs to clearly 
understand that penile implants only restore 
the ability to penetrate. They do not restore 
any special sensitivity or sexual drive that may 
have been present in earlier years. If the 
cylinders are removed at a later date, the 
capsule remains and the empty space will 
partially fill with proliferating scar tissue. This 
may make it difficult for the patient to respond 
adequately to other treatments such as 
medication or a VED. It is important that the 
patient have a realistic expectation of his 
penile prosthesis. 


There are a number of possible 
complications associated with penile 
prosthesis implantation, as with any surgical 
procedure. The most common complications 
necessitating reoperation are infection (1-4%) 
and mechanical dysfunction (5-13% in first 5 
years). A preoperative consultation needs to 
include a discussion of these potential causes 
of a return to the operating theatre. 


Preoperative preparation and postoperative 
care 


Most penile implants are placed in 
patients with an organic etiology to ED, and 
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have failed to respond, did not tolerate, or are 
unwilling to consider more conservative 
options. Oral therapy often fails in men with 
severe ED due to diabetes mellitus or after 
radical pelvic surgery. Men with severe 
Peyronie’s disease associated ED, severe 
penile fibrosis, or cases of post-priapism are 
more likely to be considered for implantation 
of a penile prosthesis. In the pre-sildenafil era 
it was the norm to diagnose the precise 
etiology of a patient’s ED. Comprehensive 
blood testing (including cholesterol, glucose 
and hormone studies), vasoactive injection 
testing, color duplex Doppler ultrasound, and 
nocturnal penile tumescence studies were all 
routinely obtained. This extensive evaluation 
process is now thought to be unnecessary in 
the day of effective oral therapy. 


Diabetes mellitus is known to be a risk 
factor for severe ED and the need for penile 
prosthesis implantation. The presence of 
diabetes raises the risk of prosthetic infection 
from 3% to 8%. 


It is important that the lower urinary tract 
be evaluated prior to penile prosthesis surgery 
in order to avoid untoward events such as 
urinary tract infection, difficulty inserting a 
catheter, or urinary retention. 


Urinary tract infections are treated and 
patients who are prone to develop urinary 
infections (such as those with neurogenic 
bladders) are placed on prophylactic 
antibiotics preoperatively to maintain sterile 
urine for the day of surgery to minimize the 
chance of bacterial colonization. Antibiotics 
are initiated prophylactically one hour prior to 
surgery; postoperative antibiotics decrease the 
incidence of surgical infections. Pain 
following placement of a penile prosthesis is 
variable and individual. 


Some scrotal ecchymosis and swelling is 
common and a scrotal hematoma, if it forms, 
usually slowly resolves without operative 
intervention. Patients are instructed at 
discharge to wear brief-type underwear for the 
first month and direct their penis upward if 
possible. 


Patients are taught how to operate their 
hydraulic devices at approximately four to six 
weeks. After patients are instructed in the 
operation of their device they are advised to 
cycle regularly. When the cylinders are left 


semi-inflated for prolonged periods of time, a 
capsule forms over the reservoir in the less- 
than-full state that thereby restricts its 
expansion. Patients particularly dislike auto- 
inflation if they are attempting to achieve 
complete flaccidity. After three months it is 
usually no longer possible to influence 
reservoir-capacity, and corrective capsulotomy 
may be necessary to correct bothersome auto- 
inflation. 


Anesthesia 


Three-piece penile implants are placed 
under general or regional anesthesia. A short 
acting spinal is ideal for the procedure. Local 
anesthesia is inadequate for reservoir 
placement. On the other hand, semi rigid rods 
may be placed with local anesthesia only. 


Operative technique 


Surgical implantation of penile prostheses 
can be carried out using a variety of surgical 
approaches and incisions. Semirigid and 
malleable prostheses can be implanted through 
a distal penile approach. Multiple-component 
prostheses, however, can be implanted by the 
infrapubic or penoscrotal approach. There is 
no difference in infection rates between either 
infrapubic or scrotal incisions. Patient 
anatomy may dictate appropriate choice. 
Patients with previous abdominal surgical 
procedures where reservoir placement is 
difficult may be better served with an 
infrapubic approach while patients with 
massive obesity may be better approached 
through a penoscrotal incision. Two-piece 
devices, because there is no separate reservoir, 
are best implanted through a_penoscrotal 
incision. 

Distal penile approach 


A distal penile approach is usually the 
best approach for insertion of a semirigid or 
malleable penile prosthesis. This incision 
heals well, allows complete corporeal dilation, 
and facilitates rod placement. 


Infrapubic approach 


The infrapubic approach allows better 
visualization of the reservoir placement than 
the penoscrotal approach. However, due to the 
proximity of the dorsal neurovascular bundle 
in the infrapubic approach, nerve injury is 
possible, resulting in decreased distal penile 
sensation in some patients. The infrapubic 
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approach is carried out with a horizontal or 
vertical incision approximately one finger 
breadth below the symphysis pubis, allowing 
implantation with an easily concealed incision 
once the pubic hair regrow. 


Penoscrotal approach 


Three-piece inflatable penile prostheses, 
as well as, semirigid and two-piece prostheses 
can be implanted by a transverse or vertical 
penoscrotal incision. This approach has 
distinct advantages in obese patients and is the 
most common approach for routine penile 
prosthesis implantation. The incision, usually 
horizontal, is placed in the upper portion of the 
scrotum one finger breadth below the 
penoscrotal junction. 


Penile prosthesis complications 
a) Infection 


Peri-prosthetic infection, infection in the 
space around a penile prosthesis, is the bane of 
genitourinary prosthetic surgery. While men 
with these infections are seldom seriously ill, 
eradication of the infection invariably requires 
complete device removal. Subsequent penile 
prosthesis re-implantation is difficult due to 
scarring of the corporal smooth muscle, which 
leads to decreased penile length and girth as 
well as difficult cylinder implantation. 


The use of prophylactic broad spectrum 
antibiotics is widespread in penile prosthetic 
surgery. Guidelines suggest that "infusion of 
the first antimicrobial dose should being 
within 60 minutes before surgical incision and 
that prophylactic antimicrobials should be 
discontinued within 24 hours after the end of 
surgery". 


In 2001 American Medical Systems 
(Minnetonka, MN, USA) introduced a dual 
antibiotic coating, minocycline and rifampin, 
for their three-piece inflatable penile 
prosthesis product line. This was shown to 
decrease the infection rate 180 days after 
implant from 1.61% to 0.68%. Mentor 
Corporation (now Coloplast) soon after 
introduced a hydrophilic coating, poly- 
vinylpyrrolidone (PVP), for their three-piece 
inflatable penile prosthesis. This coating 
allows the implanting surgeon to immerse the 
device in an antibiotic solution of his or her 
choosing. This resulted in a decrease of the 
infection rate one year after implant from 
2.07% to 1.06%. 


b) Auto-inflation 


Partial spontaneous inflation of a three- 
piece inflatable penile prosthesis sometimes 
occurs and may be bothersome to the patient. 
In one study the rates of auto-inflation in men 
implanted with three-piece inflatable 
prostheses after prostatectomy was 3% and in 
men with erectile dysfunction due to other 
causes it was 5%. Mentor introduced a lock- 
out valve in the reservoir stem which resulted 
in a 1.3% rate of auto-inflation compared to an 
11% rate in historical controls. American 
Medical Systems recently introduced a lock 
out valve in the top of the pump of their AMS 
700MS™ device. 


c) Glans problems after penile prosthesis 
implantation 


Patients who are considering penile 
prosthesis implantation should be told about 
the lack of glans tumescence and that their 
erection may be shorter than their former 
natural erection. Some men who complain of 
lack of glans tumescence or coolness after 
penile prosthesis implantation may benefit 
from the use of a phosphodiesterase type 5 
inhibitor or from the use of intra-urethral 
alprostadil (MUSE). 


Other patients may complain of poor 
support of the glans penis by the tips of the 
prosthesis. This downward drooping of the 
distal penis is referred to as the SST 
deformity because of the similarity of its 
appearance to the supersonic transport or 
Concord aircraft. If the SST deformity is due 
to cylinders which are too short, revision with 
implantation of longer cylinders will correct 
the deformity and result in a somewhat longer 
penis. 


d) Reservoir displacement 


Reservoir displacement or herniation into 
the inguinal canal or upper scrotum will rarely 
occur. One survey found an incidence of this 
complication of 0.7%. Correction of this 
complication is by revision through an 
inguinal incision with placement of the 
reservoir in its proper position and repairing 
the defect. 


e) Distal cylinder erosion or extrusion 


Because of loss of sensation, erosion of 
a penile implant into the urethra occurs more 
commonly in paraplegic or quadriplegic 
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recipients. This erosion rate was 18.1% for 
cases of semirigid rods, 2.4% for self 
contained inflatable prostheses, and 0% for 3 
piece inflatable devices. Three-piece inflatable 
prostheses appear to be associated with less 
risk of this complication in these recipients. 


f) Cavernosal fibrosis 


Smooth muscle fibrosis occurs in men 
with ED following prolonged ischemic 
priapism and men who have had removal of an 
infected penile prosthesis. 


Dilation of the corpora can be quite 
difficult and limited dilation may be all that 
can be achieved. Smaller diameter penile 
prostheses are useful in these cases. 


In cases of severe cavernosal fibrosis, 
corporeal excavation through extended 
corporotomies has been successfully 
performed with most of the fibrotic contents of 
the corpora being removed. This leaves a 
tunica albuginea shell into which the 
prosthetic cylinders can be laid. 


Penile prostheses sur vival 


Mechanical failure of penile prosthesis 
can include leakage from the cylinders, tubing 


fracture, reservoir malfunction, connector 
disruption, tube kinking, and cylinder 
aneurysm. Failure rates among inflatable 


penile prostheses (IPP) have historically been 
low. 


The AMS three-piece 700CX was 
evaluated for long-term survival in a recent 
study and was found to have an overall 
freedom from reoperation of 74.9% and 
freedom from mechanical failure of 81.3% 
after ten years. 


Patients and partner satisfaction 


Numerous studies have reported high 
satisfaction rates for both patients and partners 
after penile prosthesis implantation for the 
treatment of ED. In a series of 185 patients 
from a group of European institutions, authors 
reported a 98% patient and 96% partner 
satisfaction rate. The rapid ability to produce 
an erection and consistent excellent rigidity 
with the prosthesis were two major factors 
contributing to this high level of satisfaction 
for this modality of ED treatment. Lower 
satisfaction rates have been noted when there 
is an overall loss of penile length, such as in 
revision surgery after infection and in 


prosthesis implantation for Peyronie's’ disease 
with penile shortening. 


Vacuum constriction devices 


Devices and mechanisms of action 


There are currently a number of VED 
commercially available, all using the same 
principle, but varying slightly in their method 
of inducing a vacuum, in their pressure-release 
valves, and in the shape of the rings. 


The standard VED consists of suction 
cylinder and pump to induce an erection by 
increasing corporal blood flow and then a 
compression band placed around the base of 
the penis to maintain the erection-like state by 
decreasing corporal venous drainage after the 
suction device is removed (Fig. 19.5). 


Some models combine the suction 
cylinder and pump into one piece and most 
manufacturers offer their device with a 
battery-driven motor to create the vacuum 
(Fig. 19.6). The cylinder is usually clear 
plastic and must be of sufficient length and 
diameter to fit over the erect penis. The 
cylinder has a pressure release valve designed 


to prevent penile 
negative pressure. 


injury from excessive 


The compression rings vary widely with 
regard to their thickness and grips, but some 
manufacturers have introduced shaped rings 
with a notch to fit over the urethra in an 
attempt to reduce ejaculatory difficulties and 
to concentrate pressure onto the corpora. 


The base of the penis, the contact area of 
the VED and the compression rings are 
lubricated with copious amounts of water- 
soluble jelly and the rings are fed over a 
loading cone to the base of the cylinder. The 
cylinder is then placed over the flaccid penis, 
pressed firmly against the pubic bone to obtain 
an airtight seal, and suction is applied for a 
few minutes to effect penile engorgement. 
Once an erection-like state has been produced, 
one or more bands, previously rolled onto the 
cylinder prior to the vacuum maneuver, are 
slipped from the cylinder onto the base of the 
penis preventing venous return and 


maintaining tumescence. Then the vacuum is 
released via a valve and the cylinder is 
removed. 


Fig. 19.5: Pump creating negative pressure in cylinder with resultant penile engorgement and 
decreased corporal drainage by placing a compression ring at base of penis. 


Fig. 19.6: VED with combined pump and cylinder system 20. 
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The compression rings are left in place 
no longer than 30 minutes to avoid ischemic 
damages to the cavernosal tissue, if 
intercourse is to be prolonged past this point, 
the band must be removed and after few 
minutes the same procedure can be repeated. 
The time taken to obtain an erection varies but 
has been reported on an average between 2 
and 2.5 minutes. Intermittent pumping can 
improve penile rigidity, enabling more 
satisfactory penetration. Patients should be 
instructed to pump for 1 to 2 minutes, 
releasing pressure and then pump again for 3 
to 4 minutes. Prescription devices are advised 


and metal or other inelastic rings are 
contraindicated. 
Physiologic effects 


The erection obtained with VED is not 
natural and there are distinct differences in the 
physiology of a spontaneous erection and that 
of an erection following use of a VED. 
Although persistent reduced blood flow during 
compression has been described by one group 
using plesythmography, others using duplex 
Doppler sonography found maintenance of the 
cavernous arterial inflow. 


The VED promotes engorgement of the 
penis through negative pressure effects and 
blood is trapped in different compartments in 
the penis, including subcutaneous tissues and 
the sinusoidal spaces of the cavernous bodies 
whose diameters double. Cavernosal blood gas 
analysis has confirmed that engorgement in 
the penis is composed of predominantly 
venous blood. 


Vacuum pressures between 100 and 225 
mm Hg are necessary to achieve erection. 
Excessive negative pressure can cause 
bruising and hematoma, and to avoid injury to 
the penis only VED containing a vacuum 
limiter should be used. 


It is important that patients and their 
partners be informed that VED-derived 
erections are perceived differently when 
compared to naturally occurring erections. All 
turgidity is distal to the constriction band and 
the crura are not involved in the erection, 
causing some degree of instability, leaving the 
potential for pivoting at the base and often 
requiring manual assistance to insert the 
penis into the vagina. Owing to 
extracorporeal congestion, the VED-erected 
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penis appears more cyanotic, is cooler, and 
girth is usually greater than a normal erection. 


Results of VED therapy 


Efficacy rates of 67 to 90% have been 
reported in achieving satisfactory erections but 
patient satisfaction rates with the device are 
lower, ranging from 34 to 68%. 


Forty-two percent of patients were long- 
term users and were mainly subjects who did 
not respond to intra-cavernosal pharmaco- 
therapy. Certainly, organic impotence as a 
whole responds well to VED therapy with 
satisfactory erections expected in at least 70% 
of diabetic subjects, 93% with arteriopathy, 
70% with venous leaks, and more than 90% 
following radical prostatectomy. Patients and 
partner satisfaction appear to be closely 
correlated and also depends on successful 
erection. 


Indications of VED 

1. Moderate or severe venogenic ED. 

2. Severe arteriogenic ED. 

3. Diabetes mellitus (combined arteriogenic 
and neurogenic ED). 

4. Failed first line therapy (PDES5I) and other 
second time therapies (ICI, urethral 
alprostadil). 

5. Penile fibrosis after priapism. 


Specialized and combined uses 


In those patients in whom intracavernosal 
pharmacotherapy has failed, the use of VED in 
combination with vasoactive injection therapy 
may lead to an adequate erection. 
Combination of intracavernous injection and 
a VED in men with ED who previously failed 
attempts at treatment with either method as 
monotherapy can augment a partial response 
to intracavernous injection and the 
combination may be an alternative treatment 
before other more invasive treatment such as a 
penile prosthesis are considered. 


Prostaglandin E1 (PGE1) agents delivered 
by intra-urethral administration can 
significantly increase vacuum-assisted 
erections. Combination therapy can increase 
both penile length and diameter. The addition 
of a phosphodiesterase type-5 inhibitor with 
VED improved sexual satisfaction and penile 
rigidity in patients dissatisfied with VED 


alone after radical prostatectomy; patients 
were instructed to take 100mg of sildenafil 1 
to 2 hours before VED use. 


The VED can also be used in men who 
either have prosthesis in place but find these 
erections unsatisfactory, those with fibrosis of 
the erectile tissue secondary to priapism, or 
after an explanted prosthesis. 


The VED has been used as a tissue 
expander following surgical correction of 
Peyronie’s disease in order to maintain the 
elasticity of the tissues. More recently, there 
has been interest in the use of VED in early 
intervention protocols to augment corporal 
rehabilitation of post-radical prostatectomy 
fibrosis. Early use of VED following 
prostatectomy facilitates early sexual activity 
and potentially an earlier return of natural 
erections sufficient for vaginal penetration. 
The early use of the VED after radical 
retropubic prostatectomy improved early 
sexual function and preserved penile length. 
VED have become first-line therapy for 
preservation of erectile function following 
treatment of prostate cancer. 


Side effects and contraindications 


Adverse effects are usually observed early 
in the treatment and usually decrease with 
continued use of the VED. Pain on ejaculation 
is reported in 3-16%, with an inability to 
ejaculate in 12-30%. Pain may occur during 
the creation of the vacuum in 20 to 40% of 
users. Petechiae or ecchymosis of the penis are 
reported in 25-39%, with bruising (specially at 
the position of the ring) in 6-20%. Numbness 
during erections is reported as the major 
problem in 5%. 


Major complications are infrequent. Rare 
descriptions of isolated, serious adverse 
effects after VED use have been published 
including penile skin necrosis, urethral 
varicosities, capture of scrotal tunica within 
the penile shaft, Peyronie's disease, and 
Fournier's gangrene. 


There are few contraindications to this 
form of therap. Patients on anticoagulant 
therapy and patients with bleeding disorders 
must use VED with caution. Similarly, special 
attention must be given to patients with a 
tendency for spontaneous priapism or 
prolonged erections. 
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Advantages of VED 


1. A non-surgical non-invasive method for 
treatment of some patients with organic 
impotence. 


. Highly effective in most patients (penile 
rigidity over 454g buckling force in 77% of 
patients). 


. Simple, safe, inexpensive, and relatively 
painless. 


Disadvantages of VED 
1. 
2. 
3. 


Necessity for pre-coital application. 
Sex is not spontaneous or natural. 


Require some patient dexterity and strength 
to apply, operate, and remove the 
appliance. 


Proper use requires a learning time, 


practice, patience and persistence. 


. A 30-minutes maximum time limit for 
application of the device is recommended. 


The device must be used with caution by 
patients who are on anticoagulants or who 
have blood dyscrasias. 


. Users who have impaired penile sensation 
are susceptible to ischemia and injury 
especially if the tension bands are left on 
the penis longer than 30 minutes. 


The penis is rigid only distal to the tension 
band and thus he penis may pivot at its 
base. 


Penile arterial revascularization 
Introduction 


The prevalence of vascular disease 
increases with age and is a major cause of 
organic ED in men over the age of 50. A 
number of medical conditions or risk factors 


are associated with ED, including 
hyperlipidemia, atherosclerosis, smoking, 
diabetes, obesity and peripheral vascular 


disease. The pathogenesis of ED in these 
patients appears, in part, to be linked to 
endothelial dysfunction. 


Arterial surgery for ED was popularized 
in the 1970s and 1980s. It has since become 
clear that ED is often associated with 
generalized cardiovascular disease and many 
of the patients undergoing revascularization 
surgery have intrinsic smooth muscle 


dysfunction throughout their body. For this 
reason, the efficacy of penile revascularization 
surgery is controversial and considered by 
many to still be experimental. Follow up 
studies vary in the procedure used and rarely 
document adequate long-term objective follow 
up data. 


Background 


Historically, the success of bypass 
grafting for coronary artery disease suggested 
bypassing obstructed arteries could restore 
normal erectile function in men suffering from 
vasculogenic ED. 


Pathogenesis of arteriogenic erectile dys- 
function 


It is now evident that ED in patients with 
cardiovascular disease is multifactorial in 
origin and cannot be simply attributed to only 
an impairment of penile blood flow due to 
occlusion. 


A number of in vitro and in vivo studies 
suggest that both endothelial dysfunction and 
corporal smooth muscle dysfunction are the 
main factors leading to ED in these men. 


Therefore, even if there is a reduction in 
blood flow through the penile vessels, there 
often coexists underlying smooth muscle 
dysfunction that limits the success of any 
potential penile bypass procedure. Hence, the 
only select group where penile 
revascularization surgery is likely to be 
successful is in young men with isolated 
arterial stenosis following perineal or pelvic 
trauma. 


Penile vascular anatomy 


The main source of blood supply to the 
penis originates from the internal pudendal 
artery, although accessory contributions may 
arise from the external iliac, obturator, vesical, 
and femoral arteries. The internal pudendal 
artery becomes the common penile artery after 
giving off a branch in the perineum. 


The three branches from the common 
penile artery are named the dorsal, 
bulbourethral, and cavernous arteries. The 
cavernous artery further delivers multiple 
helicine arteries, which supply the cavernosal 
tissues and sinusoids. These helicine arteries 
are in a contracted state when the penis is 
flaccid and vasodilated during erection. 


The dorsal artery of the penis runs along 
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the dorsal surface of the penis and supplies the 
glans penis. The bulbourethral artery supplies 
both the bulb and corpus spongiosum, while 
distally the three branches anastomose near 
the glans. 


Principles of surgery for arterial pathology 


The principles of revascularization and 
arterialization surgery are based upon the 
following techniques. 


a. Anastomosis of the IEA (inferior epigastric 
artery) to the dorsal artery 


(revascularization). 


Anastomosis of the IEA to the deep dorsal 
vein (arterialization). 


Anastomosis of the IEA to the deep dorsal 
vein with venous ligation. 


Selection and investigation of the patient 
with suspected arteriogenic ED 


Penile arteriography is he gold standard in 
assessing patient's suitability for arterial 
reconstructive surgery. However, prior to 
embarking upon this procedure, other organic 
causes of ED need be excluded. In those in 
whom arterial surgery is contemplated, a 
penile duplex Doppler study confirms vascular 
insufficiency and documents any venous leak. 
A peak systolic velocity (PSV) of less than 


25cm per second suggests vascular 
insufficiency. 

The following appear to be inclusion 
criteria in selecting patients for arterial 
surgery: 


e Age less than 55 years. 

e Non-smoker. 

e Non-diabetic. 

e Absence of venous leakage. 

e Stenosis of the internal pudendal artery. 


Complications from penile revascularization 
surgery 


The most frequent complication is glans 
hyperaemia which developed in 13% of 
patients, shunt thrombosis in 8%, and inguinal 
hernias in 6.5%. 


Outcomes from penile revascularization 
surgery 


Treatment of vasculogenic ED by penile 
arterial revascularization has been performed 
using a variety of microvascular procedures 


for the past 30 years. The efficacy of this 
surgery is unproven and controversial. 
Arterial surgery was not justified to be 
performed routinely, although, arterial 
revascularization procedures appeared to have 
the highest efficacy in young men with ED 
secondary to arterial injury from pelvic or 
perineal trauma. The younger traumatic 
patients had an 80% success rate compared to 
20% in the older men. 


Treatment of venogenic erectile 
dysfunction 


Venogenic ED may be pure i.e. the 
patient has normal penile arterial supply, or 
mixed with arteriogenic ED. The venous leak 
may be mild or severe. Approximately one- 
third of cases of vasculogenic ED have pure 
venogenic ED, one-third have pure 
arteriogenic ED, and one-third have mixed 
arteriogenic-venogenic ED. The criteria for 
diagnosis of venogenic ED are illustrated in 
table 19.2. Correct diagnosis is essential since 
not all cases of venogenic ED are treated by 
surgery. Treatment of venogenic ED depends 
on its (1) clinical type (minor leak , major 
leak, or mixed with arteriogenic ED, table 
19.3), (2) etiologic type (types 1-5, table 19.4), 
and (3) anatomical type which may be 
proximal, distal, mixed or pancavernosal 
(Table 19.5). 


Surgery for venogenic ED gives the best 
results in congenital, traumatic and 
iatrogenic cases. The operation done for 
proximal venous leakage includes resection of 
the entire deep dorsal vein, ligation of its 


Table 19.2: Criteria for diagnosis of venogenic ED. 


branches, and ligation of the cavernous and 
crural veins. A success rate of 50 to -80% has 
been reported. However, recurrence of 
venogenic ED after improvement occurs in 
most cases. 


Penile Venous Reconstructive Surgery 
Recommendation: Surgeries performed with 
the intent to limit the venous outflow of the 
penis are not recommended. 


There has been no substantial evidence to 
support a routine surgical approach in the 
management of veno-occlusive ED. While the 
hemodynamics of veno-occlusive ED are 
recognized, it is difficult to distinguish 
functional abnormalities (smooth muscle 
dysfunction) from anatomical defects (tunical 
abnormality). It also is difficult to determine 
what percentage of ED is due to veno- 
occlusive ED independent of general arterial 
hypo function, how to accurately diagnose this 
condition, how often arterial insufficiency 
coexists, and whether or not there exists a 
subset of patients with this disorder who 
would benefit from surgical intervention. 
Currently, there is no evidence from 
randomized controlled trials documenting a 
standardized approach to diagnosis or the 
efficacy of treatment for veno-occlusive ED. 


Today, it is agreed by most that venous 
leakage is an effect rather than a cause, and 
newer pathogenetic mechanisms that cause 
CVOD, and therapeutic possibilities that 
might address these causes, are being 
examined. The hunt for an effective surgical 
cure is still on. 


Item Findings 


History 
NPT (Rigiscan) 


Erection is transient, soft, and of inadequate rigidity 
Rigidity less than 70% 


Duration of NPT episode less than 3 minutes 


Papaverine test 


Occurrence of marked dizziness and hypotension 


Good erection (i.e. intracavernous pressure more than 90 mm Hg) is not 
achieved within 10 minutes 
Good erection is not maintained for more than 30 minutes 


Pharmacologic dynamic 
cavernosometry/ 
cavernosography 


Cavernosometry findings 
Erection initiation flow rate 50 to 120 ml/minute 
Erection maintenance rate 25 to 50 ml/minute 
Cavernosography findings 
Veins are visualized 


Rapid runoff of contrast medium into dilated deep dorsal penile veins or 
internal and external pudendal veins 

Rapid disappearance of the contrast medium from the corpora cavernosa 
which appear ghost-like 


Table 19.3: Clinical types of venogenic ED. 


Clinical type 


Recommended treatment 


Pure venogenic ED 


Minor venous leak 


Major venous leak 


Distal (in the distal part of penis) 
Proximal (cavernous vein leak) 


Mixed arteriogenic-venogenic ED 


Mild 
Severe 


ICI pharmacotherapy 


Venous surgery 


ICI pharmacotherapy 


Penile prosthesis 


Placing a soft rubber band at the base of the penis during coitus 


Table 19.4: Etiologic types of venogenic ED. 


Etiologic type 


Pathogenesis 


Causes 


Treatment 


Type 1 


Type 2 


Type 3 


Type 4 


Type 5 


Presence of excessive 
number of large veins 
exiting directly from the 
corpora cavernosa 
Weakening of tunica 
albuginea resulting in 
ineffective compression of 
venous channels 


Loss of ability of 
cavernous smooth muscles 
to relax sufficiently to 
expand and compress the 
venules 


Poor relaxation of 
cavernous smooth muscles 
due to inadequate release 
of neurotransmitters 


Abnormal communication 
between the corpora 
cavernosa and the glans or 
corpus spongiosum 
Fistula between corpora 
cavernosa and glans 


Fistula between corpora 
cavernosa and corpus 
spongiosum 


Congenital anomaly (leads 
to primary impotence) 


Aging 

Uneven stretching of tunica 
in some cases of Peyronie’s 
disease 

Affection of smooth muscles 
by atrophy, fibrosis, or 
degeneration due to diabetes 
mellitus or severe 
atherosclerosis 

Loss of compliance due to 
Peyronie’s disease or 
traumatic scar 

Neurogenic ED 


Some cases of psychogenic 
ED 


Heavy smokers 
Congenital anomaly 


After priapism surgery 


After transurethral surgery 


Venous surgery (stripping 
and ligation of excessive 
veins) 


Poor response to venous 
surgery and treatment is by 
penile prosthesis 


Poor response to venous 
surgery and treatment is by 
penile prosthesis 


Pharmacotherapy 
Psychological counselling 


Stop smoking 


Surgical closure of the 
communication 


Surgical closure of the 
fistula 


Surgical closure of the 
fistula 


Table 19.5: Anatomical types of venogenic ED. 


Type Etiology Treatment 
Proximal Chronic perineal trauma Venous surgery 
Distal Congenital or iatrogenic fistula between corpora Surgical correction of the fistula 


Mixed (proximal 
and distal) 


Pancavernosal 


cavernosa and glans or corpus spongiosum 


Congenital presence of large veins exiting 


directly from the corpora cavernosa 


Weakening of tunica albuginea 
Defects in cavernous smooth muscles relaxation 


Venous surgery 


Penile prosthesis 
According to the cause 
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Section 4: Disorders of male sexual response 


Chapter 20: Erectile dysfunction: Future treatment 


targets 
Introduction 

Recent advances in sexual medicine 
research have led to an increased 


understanding of the underlying molecular 
biological factors and mechanisms governing 
the display of sexual functions. Understanding 
the molecular basis for penile erection has led 
to treatment of erectile dysfunction with oral 
phosphodiesterase type 5 (PDES) inhibitors. 
Scientific discovery is critically important for 
developing new and increasingly effective 
treatment in sexual medicine. 


Future pharmacotherapy 
CNS targets for erectile dysfunction 
Dopamine and dopamine receptors 


Dopamine agonists are perhaps the best 
known compounds that facilitate penile 
erection in male mammals, including man. 
Apomorphine is the best known dopaminergic 
agonist commercially available and labeled for 
the therapy of ED. It activates dopamine 
receptors of the D2 family in order to facilitate 
penile erection. Research aims at the 
identification of new dopamine agonists, 
which are capable of inducing penile erection 
and are devoid of emetic properties. 


Oxytocin and oxytocin receptors 


Oxytocin is one of the most potent 
compounds discovered to induce penile 
erection when given into the PVN, mediated 
by the stimulation of oxytocinergic receptors. 
Unfortunately, oxytocin given systemically 
does not cross the blood brain barrier in 
amounts capable of inducing penile erection, 
and it is unfeasible to treat ED by injecting 
oxytocin or other drugs directly into brain 
nuclei controlling penile erection. The only 
way to overcome this problem is to synthesize 
molecules that pass the blood brain barrier. 


Melanocortin receptor (MCR) agonists 


Presently there are five MCRs identified 
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and all five are activated by 
adrenocorticotropin hormone (ACTH) and 
four out of five, except MC2R, by alpha- 
melanocyte stimulating hormone (a-MSH). Of 
the five MCRs only two (MC3R and MC4R) 
are expressed in cerebral regions known to be 
involved in the modulation of erectile 
function. The origin of both o-MSH and 
ACTH is the pro-opiomelanocortin (POMC) 
gene, and the biologic effects of these two 
hormones are mediated via activation of one 
or more of the five MCRs. All five MCRs use 
cAMP as the second neurotransmitter 
mediating the final biologic (physiologic) 
effects upon their activation. 


Melanotan II and its active metabolite PT- 
141 (Bremelanotide), are cyclic peptide 
analogues of a-MSH, targeting four of the five 
MCRs (not MC2R), which have been under 
investigation for nearly 10 years for their 
usefulness in the management of ED. 
Following the first research studies Melanotan 
II was investigated both as subcutaneous 
injection and as intranasal spray 


Recently the results with the intranasal 
melanocortin receptor agonist PT- 141 were 
reported, with improved erections in 66-67% 
with the 10-20mg dose. In two further 
Rigiscan studies with a subcutaneous (s.c.) 
application of PT-141 in doses between four 
and 10mg, efficacy was reported in patients 
with a history of inadequate response to 100 
mg sildenafil and an I[EF-EF-score < 17. A 
first response was seen approximately 37 min 
after the 10mg dose. Mean duration of 
efficacy (definition > 60% penile base 
rigidity) was 41 min for the 6mg s.c. dose, 
whereas in another study the mean duration of 
efficacy after intranasal PT-141 was 20min 
(6mg dose) and 54min (20mg dose), 
respectively, compared to 18.5min in patients 
receiving placebo. Co-administration of low 
doses of intranasal P1-141(7.5mg) and 
sildenafil (25 mg) in men suffering from ED 
resulted in an enhanced erectile response. 


A major problem with this new MCR 
agonist may be its side effect profile, with 
nausea rates up to 36% after 6mg s.c and 17% 
after intranasal application. Further drug 
related side effects >5% were headache (up to 
27%), flushing (up to 17%) vomiting (up to 
9%), back-pain (up to 9%), muscle cramps (up 
to 9%), and fatigue (up to 8%). 


There is no doubt that this completely 
new approach with MCR agonists seems to be 
promising in terms of efficacy, but at present 
there are some uncertainties regarding their 
side effect profile. 


Peripheral pharmacologic targets for ED 
Acetylcholine and cholinergic receptors 


ACh causes _ endothelium-dependent 
relaxation of CC, penile arteries, circumflex 
and dorsal veins in vitro. Relaxation induced 
by ACh can be produced either by inhibition 
of the release of contractant factors, e.g., NA, 
an/or by the release of relaxation-producing 
factors, e.g., NO. 


Noradrenaline and alpha adrenoceptors 


Noradrenaline (NA), released from 
adrenergic nerves, stimulates O-adrenoceptors 
(ARs) in the penile vessels and CC, producing 
contraction. It is generally accepted that this 
tonic activity keeps the penis in the flaccid 
state. Both a, and ao — ARs have been 
demonstrated in human CC tissue but 
available information supports the view of a 
functional predominance of @)-ARs. 0\-ARs- 
antagonists would potentially have pro-erectile 
properties. 


Endothelins and endothelin receptors 


ET-1 potently induces long-lasting 
contractions in different smooth muscles of 
the penis: CC, cavernous artery, deep dorsal 
vein, and penile circumflex veins. Patients 
with organic ED had significantly higher 
levels of ET-1 in both venous and cavernosal 
blood than had those with psychogenic ED. 
So far, the only published pilot clinical study 
with selective ET, receptor antagonists failed 
to show enhancement of erectile responses in 
men with mild-to-moderate ED. 


Dopamine and dopamine receptors 


The importance of dopamine and 
dopamine receptors in the CNS for penile 
erection is well established. Apomorphine 
may not only amplify sexual and copulatory 


[181] 


behavior centrally but also, by a 
complementary role, amplify neurogenically 
mediated erections by acting in the periphery 
since the CC smooth muscle of the penis 
contain dopamine receptors. 


Serotonin and serotonin receptors 


Serotonin (5-hydroxytryptamine: 5-HT) 
pathways in the brain are known to be 
involved in the induction of penile erections in 
rats. Furthermore, 5-HTj,, 5-HT2, and 5-HT, 
receptors were implicated in human erection. 
The peripheral, 5-HT pathway may play a part 
in the erectile process via 5-HT2, receptor - 
mediated contractile and 5-HT3 receptors - 
mediated relaxant activities. Neuronally 
released 5-HT is an important contractile 
neurotransmitter in the erectile process. If so, 
doxazosin, ketanserin, and 5-HT,,4 and 5-HT, 
receptors antagonists may be useful as a form 
of combination therapy to treat ED. 


ATP, adenosine and adenosine receptors 


Adenosine has several features making it 
an excellent candidate for contributing to 
normal and abnormal penile erection: it is a 
potent vasodilator with a very short half-life (< 
10 seconds), and it generates erection via 
cyclic nucleotide second messengers. 


Adenosine-mediated cAMP induction 
activates protein kinase A and results in 
decreased calcium calmodulin-dependent 
myosin light chain phosphorylation and 
enhanced smooth muscle relaxation. Studies in 
humans showed that intracavernous injection 
of adenosine resulted in tumescence and 
penile erection. However, the roles of ATP or 
adenosine in the physiological mechanisms of 
erection still remain to be established. 


Prostanoids and prostanoid receptors 


Human CC tissue has the ability to 
synthesize various prostanoids. Corresponding 
to the five primary active prostanoid 
metabolites there are five major groups of 
receptors which mediate their effects. A potent 
DP-1 selective agonist AS702224, caused 
penile erection denoting that the DP1 receptor 
mediates relaxation in human cavernosal 
tissue. 


Nitric oxide and the guanylate cyclase / 
cGMP pathway 


It is widely accepted that NO plays an 
important role in the relaxation of the CC 


smooth muscle and vasculature. Both the 
nerves (nNOS) and the endothelium (eNOS) 
of the corpus cavernosum may be the source 
of NO, the former initiating erection, and the 
latter providing sustained maximal erection. 


cGMP signals via different receptors in 
eukaryotic cells, including ion channels, 
phosphodiesterases, and protein kinases. Some 
workers investigated the expression of cGMP- 
dependent protein kinase (PKG)1la and PKG1b 
in the CC and evaluated the effect of 
adenoviral gene transfer of PKGla to the 
erectile compartment on erectile function in a 
rat model of diabetes. They found PKG1a and 
PKG1Db activities to be reduced in the erectile 
tissue of the diabetic rat. Gene transfer of 
PKG1la to the penis restored PKG activity and 
erectile function in vivo in diabetic rats. They 
concluded that gene therapy procedures 
targeting PKGla might be an interesting 
future therapeutic approach to overcome 
diabetic ED resistant to oral pharmacotherapy. 


Other gaseous mediators 


Carbon monoxide (CO) and hydrogen 
sulfide (H2S) are together with NO considered 
to be the principal peripheral pro-erectile 
gaso-transmitters that are released chiefly by 
cholinergic nerves and the sinusoidal 
endothelium to relax corporal smooth muscle 
through the cGMP pathways. A significant 
effect of hemoxygenase (HO)/CO system on 
penile erection has been reported in several 
studies. Further studies are needed to precisely 
delineate the extent to which the HO/CO 
system plays a role in the physiology and 
pathophysiology of male sexual dysfunctions. 


The Rho/Rho-kinase pathway 


The Rho/Rho-kinase pathway modulates 
the level of phosphorylation of the myosin 
light chain of myosin II, mainly through 
inhibition of myosin phosphatase. This 
calcium - sensitizing RhoA / Rho - kinase 
pathway may also play a synergistic role in 
cavernosal vasoconstriction to maintain penile 
flaccidity. The Rho/Rho kinase calcium 
sensitizing pathway has been implicated in the 
pathogenesis of ED as well as systemic 
atherosclerosis. Chronic treatment with an oral 
Rho kinase inhibitor, fasudil, could prevent 
the development of both vasculogenic ED and 
pelvic atherosclerosis in a rat model. Rho- 
kinase might be considered a novel target for 
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the prevention of vasculogenic ED. 


Theoretically, suppression of an 
increased Rho/Rho-kinase activity is an 
attractive therapeutic principle in ED. 


However, the ubiquitous occurrence of the 
Rho/Rho-kinase pathway limits the use of 
Rho-kinase inhibitors. If regulators of 
Rho/Rho-kinase uniquely expressed in penile 
tissue can be demonstrated, they may be 
targets for drugs. This will potentially lead to 
the development of new therapeutic agents for 
the treatment of ED. 


Growth factor targets for ED 


In the penis, the biology of growth factors 
has suggested alternative approaches to 
manage ED. Growth factor interventions for 
this organ refer to “targeting” the biologic 
properties of its cellular components, 
including nerves, endothelium and smooth 
muscle, either to facilitate mechanisms 
involved in the erectile response or to 
revitalize penile erectile tissues toward a 
functionally intact level in the face of injury or 
disease. 


Neuro-modulation 


Neuro-modulatory therapy for ED implies 
a treatment strategy that is specific for the 
neurogenic loss of erectile function, arising 
from neurological disease, pelvic surgery and 
other conditions disturbing the neurological 
mediation of penile erection. The role of 
growth factors for neuro-modulatory treatment 
has origins in the scientific disciplines of 
neurogenesis and neural development as well 
for prevention of neuronal cell death, with a 
basis to facilitate or augment the endogenous 
recovery of injured nerve tissue. 


Neurotrophins (neurotrophic factors) are 
secreted products both of the end organ for 
nerve terminations and Schwann cells, glial 
cells of peripheral nerves. The range of their 
effects includes neuronal proliferation, 
differentiation, and changes in cell motility 
structure and phenotype. In experimental rat 
models of cavernous nerve grafting, nerve 
growth factor (NGF) enhances nerve function 
recovery in the penis. Brain-derived 
neurotrophic factor (BDNF) has shown 
particular importance as a neurotrophic factor 
for the penis based on its potent penile nerve 
recovery effects after adeno-associated virus 
transfer in a rat model of cavernous nerve 


injury. Glial cell-line derived neurotrophic 
factors (GDNF) delivered using a herpes 
simplex virus vector has been further shown to 
promote erection recovery in the animal model 
of cavernous nerve injury. 


The discovery of immunophilins in nerve 
tissue that operate as specialized receptors for 
neruoprotection and neurogeneration has led 
to their investigation as a basis for therapy for 
conditions ranging from neurodegenerative 
disorders to peripheral nerve injury. Their 
modes of action involve anti-apoptosis, anti- 
oxidation and cellular repair. This field of 
investigation has been brought to conditions of 
penile neuropathy associated with cavernous 
nerve injury both experimentally induced in 
animal models and clinically following radical 
prostatectomy. 


The cytokine hormone erythropoietin has 
been shown recently to have impressive 
neurotrophic effects for penile nerve function 
preservation. In both animal models of 
cavernous nerve injury and in men undergoing 
radical prostatectomy, the hormone exerted 
potent protective effects on erectile function. 


Angiogenesis and vasculoprotection 


Great interest has been given to the 
potential application of angiogenic cytokines 
to promote erectile function. VEGF (vascular 
endothelial growth factor), a direct-specific 
endothelial cell mitogen and angiogenic 
factor, has been most significantly studied in 
relationship to genital vasculature. In animal 
models of vasculogenic ED, intracavernous 
delivery of VEGF, by way of direct protein 
infusion or gene transfer, has effectively 
restored erectile function. 


Targeting cytokine regulation in the penis 
has received additional attention as a strategy 
to treat vasculogenic ED. Interest has turned to 
pro-inflammatory cytokines, well described 
mediators of endothelial dysfunction. One 
such cytokine is tumor necrosis factor-alpha 
(TNF-a), which has been implicated in many 
cardiovascular diseases (e.g., hypertension, 
diabetes mellitus, metabolic syndrome) and is 
elevated in patients with ED. 


Studies of erection response in genetically 
engineered mice lacking the TNF-a gene 
exhibited improved erections (i.e. increased 
NO-dependent cavernosal tissue relaxation 
and diminished sympathetically mediated 
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effects) in association with increased protein 
expressions of both neuronal and endothelial 
NOS enzymes in CC tissue. 


Antihypertensive therapies represent an 
approach for vascular remodeling, 
interventions that may change the phenotype 
of “hypertensive” vessels toward decreased 
medial wall thickness. The renin-angiotensin 
system may be particularly relevant for this 
concept, and angiotensin type I receptor 
antagonists have effectively been used to 
preserve erectile function experimentally in 
animal models of erectile dysfunction as well 
as Clinically in men with ED. 


Regenerative medicine and gene 
therapy for ED 


Gene therapy for erectile dysfunction 


Gene therapy, or gene transfer, refers to 
the cellular incorporation of genes to decrease 
or reverse a disease process. Traditionally, 
gene therapy has been applied to the treatment 
of a life threatening disease (e.g. cancer, 
hereditary diseases) relying on genomic 
integration with viral vectors in target cells 
population. More recently, gene therapy has 
been pursued for the treatment of a wide range 
of disorders, including erectile dysfunction. In 
fact, the recent completion of the first Phase 1 
gene transfer trial for erectile dysfunction has 
started a new conversation concerning the 
potential application of gene transfer to 
diseases/disorders that have substantial impact 
on quality of life. 


The first preclinical publications on the 
potential applicability of gene therapy for the 
treatment of erectile dysfunction appeared in 
1997. Since then numerous research teams 
have confirmed the viability of this treatment 
modality. The strategies thus far employed 
have interrogated numerous distinct molecular 
targets in several physiologically relevant 
erectile pathways. The distinct strategies 
applied thus far can be grouped according to 
which cell type provides the primary mode of 
action. Not surprisingly, all of the gene 
transfer therapy strategies used thus far affect 
either: 1) nerves, 2) smooth muscle cells, or 3) 
endothelial cells. 


The penis is a convenient tissue target for 
gene therapy because of its external location, 
the ubiquity of endothelial-lined spaced, and 


low level of blood flow. The objective of gene 
therapy is to introduce new or repair damaged 
genetic material (DNA or RNA) into the cells 
of a target (i.e. the penis) in order to recover 
the organ’s function. 


The ideal vector for gene transfer is one 
that allows the efficient transduction and long- 
term stable trans-gene expression while having 
few or no adverse effects, such as risk of 
infection, immunogenicity, or host-cell 
mutagenesis. Various vectors, such as a viral 
vectors (adenovirus, adeno-associated virus, 
adeno-myoblast and retrovirus) and non-viral 
vectors (naked DNA, plasmid DNA, 
liposomes, and myoblast-mediated), have been 
used to date for the transfer of genetic material 
to the target cell or tissue. Each has 
advantages and disadvantages with regards to 
their safety, efficiency, and immunogenicity. 


Endothelial cells 


ED may result from endothelial 
dysfunction of the penile vasculature. As a 
result, several gene therapy strategies have 
been employed to manipulate this cell. In 
short, these strategies have centered around 
modulation of expression of NOS isoforms, 
and most recently HO-1 (Heme oxygenase-1). 
In all cases the goal is the same, that is, to 
increase CGMP levels/NO bioavailability. 


It has been demonstrated that autologous 
endothelial cells could be transplanted into the 
corpus cavernosum, and undergo cell 
adherence and persistence in the cavernosal 
sinusoids for up to 2 weeks and eventually 
become part of the sinusoidal lining of the 
penis. 


Vascular function 


An insufficient vascular supply is thought 
to be responsible, at lest in part, for the 
etiology of men with erectile dysfunction. An 
increased blood flow will aid recovery of 
erectile function/capacity. In this regard, the 
concept here is fo use angiogenesis to 
increase the vascularity of the penis and 
provide an increased blood flow component to 
the erectile process. In fact, VEGF gene 
transfer techniques are currently being applied 
to the treatment of other ischemic 
cardiovascular diseases such as myocardial 
ischemia. The direct intra-corporal injection of 
VEGF in a rat model of vascular insufficiency 
had restorative effects on the nerve-stimulated 


[184] 


intracavernous pressure response. Preclinical 
data supported a potential role for VEGF gene 
transfer in the amelioration of erectile 
dysfunction with ability to utilize a non viral 
gene transfer delivery system for the VEGF in 
a diabetic rat model. VEGF gene therapy 
using this system could be useful in improving 
erectile function in diabetic men. 


Smooth Muscle Cells 


Because relaxation of corporal and 
arterial smooth muscle of the penis is both 
necessary and sufficient (in the absence of 
veno-occlusive dysfunction) for normal 
erectile capacity, many studies have also 
focused on gene transfer strategies to improve 
smooth muscle relaxation. These studies have 


targeted a significant number of 
physiologically relevant modulators of 
corporal and arterial smooth muscle 
relaxation. 


The ultimate distinguishing feature among 
these approaches is the advent of human 
clinical trials based on K channel gene 
transfer. With respect to K channel gene 
transfer, it is important to point out that hSlo 
(the Maxi-K channel) has little impact on 
baseline corporal smooth muscle activity, and 
thus, no evidence of priapism (i.e., increased 
resting intracavernous pressure). 


Moreover, there is apparently no 
pathologic effect on corporal tissue histology 
or architecture (i.e., no inflammatory or 
immune response), nor on mean arterial blood 
pressure. Another advantage of this gene 
therapy approach, is the apparent longevity of 
exogenous gene expression, the physiologic 
effects of a single intracorporal injection of 
hSlo/pcDNA (naked DNA) can last for up to 
4-6 months. 


Neural cells 


Targeting of nNOS (neuronal nitric oxide 
synthase) transfections in the rat model led to 
increase the bioavailability of NO following 
erectile stimulation. In addition to 
overexpression of NOS in existing nerves, 
others have tried gene transfer with 
neurotrophic factors. The goal here is to 
increase the number and/or function of nerves, 
and therapy increase the stimulus for erection. 
Obviously, this approach is of specific interest 
when addressing neuropathic changes that 
accompany age, diabetes or radical prostate 


surgery, for example. Some authors used gene 
transfer with herpes simplex virus vector 
(HSV) expressing glial cell line-derived 
neurotrophic factors (GDNF or neurturin) in 
rats where the cavernous nerve was bilaterally 
injured. Four weeks after nerve injury, treated 
rats displayed significant recovery of erectile 
function. 


Clinical trials 


The ultimate goal of all of these 
approaches is to apply the findings to improve 
the treatment of ED in humans. In this regard, 
the first human clinical trial of gene transfer 
for the treatment of ED has been completed. 
Eleven patients with moderate to severe 
erectile dysfunction (ED) were given a single- 
dose corpus cavernosum injection of hMaxi- 
K, a "naked" DNA plasmid carrying the 
human cDNA encoding hSlo (for human 
slow-poke), the gene for the alpha, or pore- 
forming, subunit of the human smooth muscle 
Maxi-channel. More specifically 3 patients 
each were given 500, 1000 and 5000ug, and 
two patients were given 7500ug, of hMaxi-K 
and followed 6 months. One patient at each of 
the two highest doses of hMaxi-K (i.e., 5000 
and 7500ug doses) had apparently sustained 
improvements in erectile function (EF) as 
indicated by improved IIEF-EF domain scores 
over the length of the study. The preliminary 
indications of potential effectiveness suggest 
that hMaxi-K gene transfer may be a viable 
approach to the treatment of ED. Clearly 
further clinical investigation is both required 
and justified. 


Stem cell therapy for erectile dysfunction 


Cellular therapy for the repair of damaged 
tissues and organs represents the entry point 
technology for regenerative medicine. That is, 
in addition to technologies built around 
genetic modification of endogenous cells (to 
restore physiologically relevant aspects of 
cellular, tissue and organ function), another 
possibility is the (re)-implantation/introduction 
of cells into the corpus cavernosum, where the 
goal is to essentially “reseed” or “repopulate” 
the penis with the requisite parenchymal cells 
for normal tissue/organ function. Direct IC 
injection is the currently preferred route of 
cellular delivery. Assuming there is sufficient 
viable tissue and vascularity remaining, (i.e. 
moderate erectile dysfunction) to support the 
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regenerative process then this approach 
provides a tractable therapeutic option. 


Stem cells by definition, retain both their 
clonogenic capacity (ie. ability for self- 
renewal) as well as their potential for 
multilineage differentiation (i.e., ability to 
differentiate into distinct cell types). Stem cell 
therapy for ED is still a relatively young field 
of research, albeit quite promising one. 


Tissue engineering for erectile dysfunction 


Various surgical techniques have been 
developed to restore genital abnormalities, e.g. 
epispadias, micropenis, penile carcinoma, 
genital trauma, corporal fibrosis, and 
Peyronie’s disease. In many of these cases 
there is a limited amount of cavernosal tissue 
and surgeons have relied on prosthetic devices 
to recover the patient’s erectile function. 


Reconstruction of normal erectile tissue 
using autologous cells, derived from the 
patient’s own body, is an intriguing concept 
for the treatment of this severe form of ED. 
Some workers have proposed a tissue 
regeneration approach that involves patching 
isolated cells to support structures that possess 
suitable surface chemistry for guiding cell 
reorganization and growth. 


Initial experiments were performed in 
order to determine the feasibility of creating 
corporal smooth muscle and endothelial cells 
in vivo, using cultured human corporal smooth 
muscle cells seeded onto biodegradable 
polymers. Their results were confirmed with 


human corporal smooth muscle and 
endothelial cells seeded on acellular matrices 
processed from donor rabbit corpora 
cavernosa. 


Three and six months after implanting 
these tissue-engineered constructs into the 
corpora cavernosa of the animals from which 
the respective cells had been harvested, 
animals with tissue-engineered corporal 
segments exhibited much better functional and 
morphologic results compared to unseeded 
control animals, as assessed by cavernoso- 
graphy, cavernosometry, mating behavior, 
cell-specific immunochemistry, and Western 
blot analyses. Currently, this group has been 
working on engineering corporal tissue for the 
purposes of phallic reconstruction, and tunical 
tissue for reconstruction of severe cases of 
Peyronie’s disease. 


Section 4: Disorders of male sexual response 


Chapter 21: Disorders of the ejaculatory process 


Premature ejaculation 
Definition and classification 


In 1943, Schapiro proposed a distinction 
of premature ejaculation into Types A and B. 
Men with Type B have always suffered from a 
very rapid ejaculation (or short latency), 
whereas in Type A, the rapid ejaculation 
develops later in life and is often associated 
.with erectile dysfunction. In 1989, these types 
were respectively referred to as lifelong 
(primary) and acquired (secondary) premature 
ejaculation.) Over the years, other attempts 
have been made to identify various 
classifications of PE, including several that 
have been incorporated into PE definitions 
(e.g., global vs. situational, the effect of a 
substance, etc.). In 2006, some authors 
proposed a classification of premature 
ejaculation according to a “syndromal” 
approach and suggested adding two new 
categories, ‘Natural Variable Premature 
Ejaculation” and “Premature-like Ejaculatory 
Dysfunction” (Table 21.1). 


In the category of Natural Variable 
Premature Ejaculation, men suffer only 
occasionally from rapid ejaculations or short 
latencies. This pattern might be regarded as 
part of the normal variability of ejaculatory 


performance in men rather than a symptom of 
an underlying psychopathology. In the 
category of Premature-like Eyjaculatory 
Dysfunction, men subjectively experience 
and/or voice complaints of premature 
ejaculation, while having typical or even long 
ejaculatory latencies of 4-20 minutes. Thus, 
including the longstanding “lifelong” and 
acquired” classifications, four premature 
ejaculation syndromes are defined. 


1) Lifelong premature ejaculation 


With lifelong PE, ejaculation occurs too 
early at nearly every intercourse, with (nearly) 
every woman, and from about the first sexual 
encounters onwards. The majority of these 
men (80-90%) ejaculate intra-vaginally within 
30-60 seconds, and most of the remainder 
(10%) between 1-2 minutes. The ejaculation 
remains rapid during life in the majority (70%) 
of these men or may be aggravated during the 
course of aging (30%). Some men ejaculate 
during foreplay, before penetration 
(ejaculation ante portas), or as soon as their 
penis touches the vagina (ejaculation intra 
portas). No accepted cure for lifelong PE is 
known, but various drugs (including SSRIs) 
and psychotherapy treatments may be 
effective in postponing the ejaculatory 
response. 


Table 21.1: The four premature ejaculation (PE) syndromes. (IELT-Intravaginal Ejaculation Latency 


Time). 
Variable Lifelong premature Acquired Natural variable Premature-like 
ejaculation ejaculation premature premature ejaculatory 
ejaculation ejaculation dysfunction 
IELT Very short IELT (Very) short IELT Normal IELT Normal or long IELT 
(<1-1.5 min) (<1.5-2 min) (3-8 min) (3-30 min) 
Frequency Consistent (In) consistent Inconsistent (In) consistent 


Aetiology Neurobiological and Medical and/or 
genetic psychological 


Treatment Medication with or Medication and/or 
without counseling psychotherapy 


Prevalence Low (?) Low (?) 


Normal variation of | Psychological 
ejaculatory 
performance 


Psycho-education, Psychotherapy 
reassurance 


High (?) High (?) 
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2) Acquired premature ejaculation 


Complaints of men with acquired PE 
differ in relation to the underlying somatic or 
psychological problem. In these men, 
premature ejaculation occurs at some point in 
a man’s life after experiencing normal 
ejaculatory latencies; the onset may be either 
sudden or gradual. The appearance of the PE 
may be due to (I) urological dysfunctions, for 
example, erectile dysfunction or prostatitis, 
although there is yet debate as to the role of 
prostatitis in acquired PE, (ii) thyroid 
dysfunction, and (iii) psychological or 
relationship problems. The acquired form of 
premature ejaculation may be cured by 
medical and/or psychological treatment of the 
underlying cause. 


3) Natural variable premature ejaculation 


Men exhibiting this pattern only 
coincidentally and situationally experience 
short ejaculatory latencies. This type of 
response should not be regarded as a symptom 
or manifestation of underlying psycho- 
pathology but of normal variation in sexual 
performance. The syndrome is characterized 
by the following symptoms. (i) short 
ejaculatory latencies are inconsistent and 
occur irregularly, (ii) the ability to delay 
ejaculation, that is, to withhold ejaculation at 
the moment of imminent ejaculation, may be 
diminished or lacking, and (iii) the experience 
of diminished control of ejaculation is 
associated with either a short or normal 
ejaculation time, that is, an ejaculation of less 
or more than 1.5 minutes. Treatment of these 
men should consist of reassurance and 
education that this pattern of ejaculatory 
response is normal and does not need drug 
treatment or psychotherapy. 


4) Premature-like ejaculatory dysfunction 


Men under this classification experience 
or complain of premature ejaculation while the 
ejaculation time is in the normal range, i.e. 
around 2-6 minutes, and in some instances the 
ejaculatory latency may even be of very long 
duration, i.e., between 5-25 minutes. This 
response should not be regarded as a symptom 
of medical or (neuro) biological underlying 
pathology although psychological and/or 
relationship problems may underlie the 
complaint. The syndrome is characterized by 
the following symptoms: (I) subjective 
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perception of consistent or inconsistent short 
ejaculatory latency during intercourse, (ii) 
preoccupation with an imagined early 
ejaculation or lack of control of ejaculation, 
and (iii) the intravaginal ejaculatory latency 
time (IELT) in the normal or even long range 
(i.e. an ejaculation that occurs between 3 and 
25 minutes), and (iv) the ability to delay 
ejaculation may be diminished or lacking. 


As the duration of the ejaculation latency 
in these men is normal, the experience of the 
response is not related to a medical or 
neurobiological disturbance. Rather, there is 
either a misperception of the actual ejaculation 
time, for various reasons, or the ejaculation 
latency is too short for the female partner to 
attain an orgasm. Complaints of these men 
may be alleviated by the various sorts of 
psychotherapy and treatment should not a 
priori assume the use of pharmaceuticals. 
However, evidence based controlled trials are 
required to investigate the optimal treatment 
for couples affected by this pattern of 
responding. 


The prevalence of premature ejaculation 


Although various epidemiological studies 
have shown that about 20-30% of men have 
complaints of premature ejaculation, reliable 
information on the prevalence of lifelong PE 
and acquired PE in the general male 
population is lacking. As the prevalence of 
IELTs of less than 1 minute is about 1-3%, the 
prevalence of lifelong PE may be rather low. 
With regard to the prevalence of acquired PE, 
data are essentially lacking. Accepting the 
recently proposed PE subtype of Premature- 
like Ejaculatory Dysfunction, it may be that 
discontent with ejaculatory response time 
may have greater prevalence than actual 
premature ejaculation, particularly when the 
latter is defined by a 1 min IELT. 


Etiology of premature ejaculation 


Historically, attempts to explain the 
etiology of pre-mature ejaculation have 
included a diverse range of biogenic and 
psychological theories (Table 21.2). Most such 
proposed etiologies have not been strongly 
grounded in empirical evidence. 


a) Lifelong premature ejaculation 
1) Genetic predisposition 


A familial predisposition to premature 


ejaculation was first reported by Schapiro in 
1943 and since then, others have hypothesized 
that IELT varies according to a continuum in 
the general male population and that this 
variation is genetically determined. Some 
authors hypothesised that lifelong early 
ejaculation in humans may be explained by 
either hyposensitivity of the 5-HT2C and/or 
hypersensitivity of the 5-HT1A receptor. 
Specifically, they suggested that men with low 
5-HT neurotransmission and probable 5-HT2C 
receptor hyposensitivity may have an 
ejaculatory threshold genetically “set? at a 
lower point and therefore ejaculate quickly 
and with minimal stimulation and often prior 
to reaching their erectile threshold. In contrast, 
men with a genetically determined higher set 
point could sustain more prolonged and 
intense sexual stimulation and could exert 
more control over ejaculation. Finally, men 
with a very high set point may experience 
delayed or absent ejaculation despite 
prolonged sexual stimulation and achieving a 
full erection. Treatment with an SSRI class 
drug may activate the 5-HT2C receptor, adjust 
the ejaculatory threshold set point, and thus 
delay ejaculation. The extent of ejaculatory 
delay may vary widely in different men 
according to the dosage, the frequency of 
administration of the SSRI, and the genetically 
determined ejaculatory threshold set point. 
Cessation of treatment results in re- 
establishment of the previous set point within 
5-7 days in men with life long PE. 
Identification of the specific 5-HT receptor 
subtypes involved in early ejaculation would 
be possible by administering subtype selective 
5-HT2C or 5-HTIA receptor ligands, but 


unfortunately such agents are not yet available 
for human use. 


2) Serotonergic system in ejaculation: An 
attempt to understand the neurochemistry of 
PE 


Administration of selective serotonin 
reuptake inhibitor (SSRIs) results in higher 
levels of 5-HT in the synapse due to active 
blockade of 5-HT transporters in the pre- 
synaptic membrane. The higher levels of 5-HT 
consequently activate the post-synaptic 5- 
HT2C and SHTIA_ receptors. Acute 
administration of clomipramine and SSRIs 
does not lead to a significant change in sexual 
behavior of male rats. However, chronic 
administration with fluoxetine and paroxetine 
significantly delays ejaculation latency in male 
rats. Based on 5-HT2C and 5-HT1A receptor 
interaction data in animals, it has been 
hypothesized that men with premature 
ejaculation have a hyposensitivity of the 5- 
HT2C and/or hypersensitivity of the 5-HT1A 
receptors. The hypothesis that activation of 
postsynaptic 5-HT receptors delays ejaculation 
is supported by numerous studies in humans 
with different SSRIs. 


b) Acquired premature ejaculation (A-PE) 


Acquired PE may be absolute/generalized 
(irrespective of partners or context) or 
situational (relative to a partner and/or 
context), and the condition may vary greatly in 
its frequency and severity. The patho- 
physiology of acquired PE may be either 
neurobiogenic (endocrine, urologic, neuro- 
biologic) or psychogenic, or in some 
instances, both. 


Table 21.2: Proposed etiologies of premature ejaculation. 


Anxiety 
Psychosocial Problems 
Early sexual experience 


Psychogenic 


Frequency of sexual intercourse 
Ejaculatory control techniques 


Evolutionary 
Psychodynamic theories 


Genetic predisposition 
Penile hypersensitivity 


Biological 


Hyper-excitable ejaculatory reflex 


Arousability 
Erectile Dysfunction 
Hyperthyroidism 
Prostatitis 


Chronic Pelvic Pain Syndrome (CPPS) 


1) Neurological risk factors 


It has been suggested that patients with 
PE, may have hypersensitivity and hyper- 
excitability of the glans penis. However, 
findings argue against a primary role for 
penile sensitivity in ejaculation latency. 


2) Endocrine risk factors 
e The role of sex steroids 


Recent data suggest that testosterone 
plays a facilitating role in the control of 
ejaculatory reflex, with different testosterone 
levels identifying different subsets of 
ejaculatory disturbance. While higher 
testosterone levels characterize PE, lower 
testosterone levels have been associated with 
delayed ejaculation. 


¢ The role of prolactin 


Low prolactin (PRL) levels were found to 
be associated with PE. However, low PRL 
seems to be an effect rather than a cause of 
PE. Psychological disturbances (such as stress 
and frustration related to chronic or acquired 
inability to enjoy sex), are able to provoke 
hypoprolactinemia. 


¢ The role of thyroid hormones 


A high prevalence of A-PE has been 
found in hyperthyroid patients, whereas 
delayed ejaculation has been the major sexual 
complaint in hypothyroid men. Both the 
premature and delayed ejaculatory dys- 
functions have been reversed on achievement 
of euthyroidism. Suppressed levels of TSH (as 
a marker of hyperthyroidism) have been 
demonstrated in A-PE. Such findings suggest 
direct involvement of thyroid hormones on the 
physiology of ejaculation. In hyperthyroid 
patients, the increased adrenergic tone may 
trigger premature ejaculation either acting 
directly on smooth muscle contractility / 
relaxation or indirectly on anxiety and 
irritability. The opposite may occur in 
hypothyroid patients. However, in light of the 
widespread distribution of thyroid hormone 
nuclear receptors within the brain, it can be 
hypothesized that iodothyronines specifically 
alter the central serotoninergic pathway 
leading to diminished ejaculatory control. 
Delayed ejaculation is a common and 
therapeutically useful side effect of 
serotoninergic drugs, indicating this pathway 
is fundamental for ejaculatory control. 
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3) Urological risk factors 
e Chronic prostatitis and LUTS 


Prostate inflammation/infections have 
been correlated with PE. There is a relatively 
high prevalence of prostatic inflammations 
and infections in men with PE. The European 
Association of Urology (EAU) Guidelines on 
Ejaculatory Dysfunction recognized that “PE 
may be strictly organic (e.g. prostatitis- 
related)”, and thus prescribed rectal 
examination with evaluation of the prostate in 
patients with ejaculatory disturbances. The 
prevalence of prostatitis in patients with PE is 
15-64%. Successful treatment of prostatitis 
and/or LUTS can lead to cure of PE. 


5) Other sexual symptoms as risk factors 


Sexual dysfunctions such as hypoactive 
sexual desire disorders or erectile dysfunction 
may be either the cause of or consequence of 
A-PE. Furthermore, A-PE may result from 
female sexual dysfunctions such as 
vaginismus or dyspareunia. Inversely, a 
partner’s sexual dysfunction may also result 
from A-PE. 


e Premature and erectile 


dysfunction 


ejaculation 


Although most men with lifelong PE do 
not suffer from concomitant erectile dys- 
function, PE co-exists in about 1/3 of patients 
complaining of erectile dysfunction. In some 
instances PE and ED may form a vicious 
circle, where a man trying to control his 
ejaculation instinctively reduces his level of 
excitation (which can lead to erectile 
dysfunction), or where a man trying to achieve 
an erection basically attempts to do so by 
increasing his excitation and arousal (which 
can lead to PE). PE and ED may be further 
linked in that lack of ejaculatory control may 
generate reactive impotence due to anxiety 
arising from poor sexual performance. 


e Premature ejaculation and low sexual desire 


Hypoactive sexual desire may lead to PE, 
due to an unconscious desire to abbreviate 
unwanted penetration. Similarly, diminished 
sexual desire can be a consequence of chronic 
and frustrating PE. Premature ejaculation and 
low desire, singly or in combination, are, in 
fact, significantly associated with severe 
erectile dysfunction. There is increasing 
evidence to support a potential role for 


PDESIs used alone or combined with daily or 
on-demand SSRIs in the treatment of A-PE in 
men with co-morbid erectile dysfunction. 


e Partner sexual dysfunction 


Female sexual dysfunctions (such as 
anorgasmia, hypoactive sexual desire, sexual 
aversion, sexual arousal disorders, and sexual 
pain disorders as vaginismus) may also be 
related to acquired PE. The female 
dysfunction may be secondary to the male PE 
with or without erectile dysfunction, and can 
be considered as a frequent complication of 
this condition. In other cases, PE may be result 
of hidden female arousal difficulties. 


Diagnosis of A-PE 


The first diagnostic aim is to perform a 
differential diagnosis with erectile dys- 
function, which can be causal of, contributing 
to, or simply co-morbid with A-PE. A simple 
neurological examination helps to rule out 
evident neurological diseases and, together 
with several anamnestic questions, hyper- 
thyroidism. A digital prostate examination, 
routine in an andrological setting for all men 
over 40, is useful in identifying possible 
evidence of inflammation or infection, 
confirmed with the Meares and Stamey test 
and eventually echo-scan if necessary. 


Treatment of premature ejaculation 
Psychological treatment 


a) The psychological burden of premature 
ejaculation 


Premature ejaculation (PE) exerts a 
significant psychological burden on men, their 
partners, the male/partner relationship, and 
their overall relationship. Because partner 
satisfaction may play a greater role in PE than 
ED, it is not surprising that relationship 
dysfunction reported as the second most 
common negative effect of PE. Men with PE 
reported significantly lower frequency of and 
satisfaction with intercourse, greater personal 
distress and interpersonal difficulty, and lower 
self-esteem and confidence in their sexual and 
overall relationship with their partner. The 
impact of PE was not felt just by the man, as 
women were well aware of the lack of control 
over ejaculation by the male partner. And they 
too reported lower sexual satisfaction, and 
higher personal distress and interpersonal 
difficulty. Although not clinically dys- 
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functional, partners of men with PE report 
more problems related to general sexual 
functioning than women who do not have a 
partner with PE. 


b) Psychological treatment of premature 
ejaculation 

Psychotherapy and behavioral inter- 
ventions improve ejaculatory control by 


helping men/couples to: (1) learn techniques 
to control and/or delay ejaculation, (2) gain 
confidence in their sexual performance, (3) 
lessen performance anxiety, (4) modify rigid 
sexual repertoires, (5) surmount barriers to 
intimacy, (6) resolve interpersonal issues that 
precipitate and maintain the dysfunction, (7) 
increase communication, and (8) come to 
terms with feelings/thoughts that interfere with 
sexual function. Present day psychotherapy for 
premature ejaculation most often represents an 
integration of psychodynamic, systems, 
behavioral, and cognitive approaches within a 
short-term psychotherapy model. Overall, 
there is little evidence to date that 
psychological interventions are effective in 
the treatment of lifelong PE. 


Several psychological-behavioral 
strategies exist. The first is the ‘start-stop’ 
method, developed by Semans and later 
modified to become the ‘stop-squeeze method 
by Masters and Johnson in their sex therapy 
clinic. Another method, advocated by Kaplan, 
is a variant of start-stop method. These three 
methods suppress the urge to ejaculate 
primarily by stopping sexual stimulation, but 
the one substitutes a squeeze of the glans penis 
for a pause in stimulation at the point of 
impending ejaculation. 


The stop-squeeze method calls for the 
man to signal his partner as the ejaculatory 
urge builds. The couple then stops the sexual 
stimulation and the partner applies manual 
pressure to the glans of the penis until the urge 
is reduced, though not to the point where the 
erection is lost. 


With this strategy, the man must pay 
careful attention to his sexual sensations and 
stop activity well before ejaculatory 
inevitability. The stop-squeeze method is 
typically employed first with masturbation in a 
cycle of three pauses before proceeding to 
orgasm. Once successful, the method then 
progresses to a cycle of two pauses with 
intercourse in the female superior position, 


and finally to a cycle of two pauses with 
intercourse in the lateral position. This training 
requires an almost exclusive focus on the 
male’s experience of sexual stimulation and 
needs. While Masters and Johnson’s initial 
report of only a 2% short-term failure rate and 
3% long-term failure for the stop-squeeze 
method revolutionized a field of PE treatment, 
subsequent studies have reported much lower 
success rates, in the neighborhood of 50-60%. 
Long term success rates may be even lower. 


A variant start-stop behavioral approach 
to the treatment of PE men was developed by 
Kaplan because it better simulated the final 
behaviors required to prolong ejaculation 
latency during intercourse. Weekly outpatient 
therapy resulted in a high success rate (80- 
90%) in men with primary, generalized PE 
(i.e., with all partners and often during 
masturbation). The combination of the start- 
stop method with marital therapy for couples 
who showed “resistance” during the treatment 
process has also been quite successful in men 
with secondary PE. 


Parameters affecting psychological treatment 
e Frequency and intensity of treatment 


Because the long term benefits of 
psychological-behavioral treatment for PE 
often decline over time, treatment that lacks 
sufficient intensity or duration increases the 
likelihood of a “relapse,” that is, a re- 
appearance of early ejaculation 
symptomatology. Weekly treatment should 
continue until marked progress is made. Then 
to prevent relapse, larger treatment intervals 
serve to maintain change and deal with 
difficulties that arise, with periodic sessions 
continuing six months after success is 
attained. 


e Dealing with resistance 


Some patients who seek counseling for 
PE exhibit various forms of “resistance” to the 
traditional behavioral approaches. Sources for 
this resistance include situations where the 
dysfunction maintains a sexual equilibrium or 
hides the female partner’s sexual disorder or 
concerns; where the individual or couple has 
unrealistic | expectations about sexual 
performance; where major relationship 
problems exist; where partner deceit is 
present; and where PE is the consequence of a 
major health problem. 
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Kaplan’s work of combining sex therapy 
with interpersonal approaches and accurate 
information about sexual functioning provides 
a model for working through these sources of 
resistance and challenging the negative coping 
strategies that might have developed in 
response to the dysfunction. 


Pharmacological treatment 


In 1943 Schapiro described the use of 
topical anaesthetic ointment to delay 
ejaculation. The use of anaesthetics to 
diminish the sensitivity of the glans penis is 
probably the oldest known form of treating 
premature ejaculation. In 1973 the first report 
of successful ejaculation delay by 
clomipramine was published. However, in the 
1970s and 1980s, drug treatment of premature 
ejaculation was not used extensively. The 
introduction of the serotonergic tricyclic 
clomipramine and the SSRIs paroxetine, 
sertraline, fluoxetine, citalopram and 
fluvoxamine has revolutionized the approach 
to and treatment of PE. These drugs block 
axonal re-uptake of serotonin from the 
synaptic cleft of central and peripheral 
serotonergic neurons by 5-HT transporters, 
resulting in enhanced 5-HT neurotransmission 
and stimulation of post-synaptic membrane 5- 
HT2C auto-receptors. Although the 
methodology of the initial drug treatment 
studies was poor, later double blind and 
placebo-controlled studies confirmed the 
ejaculation-delaying effect of clomipramine 
and SSRIs. 


a)Daily treatment with selective serotonin 
reuptake inhibitors (SSRIs) 


Daily treatment with paroxetine 10-40 
mg, clomipramine 12.5-50 mg, sertraline 50- 
200 mg, fluoxetine 20-40 mg, and citalopram 
20-40 mg is usually effective in delaying 
ejaculation. A meta-analysis of published data 
suggests that paroxetine exerts the strongest 
ejaculation delay, increasing IELT 
approximately 8.8 fold over baseline. 
However, the use of these drugs is limited by 
the lack of Food and Drug Administration 
(FDA), European Medicines Agency (EMEA) 
or other regulatory agency approval and 
therefore by the need to prescribe “off-label”. 
Ejaculation delay usually occurs within 5-10 
days of starting treatment, but the full 
therapeutic effect may require 2-3 weeks of 
treatment and is usually sustained during 


long-term use. Although tachyphylaxis is 
uncommon, some patients report a reduced 
response after 6-12 months of treatment. 
Adverse effects are usually minor, start in the 
first week of treatment, gradually 
disappear within 2-3 weeks and include 
fatigue, yawning, mild nausea, diarrhea or 
perspiration. Hypoactive desire and ED are 
infrequently reported and appear to have a 
lower incidence in non-depressed PE men 
compared to depressed men treated with 
SSRIs. 


Neuro-cognitive adverse effects include 
significant agitation and hypomania in a small 
number of patients, and treatment with SSRIs 
should be avoided in men with a history of 
bipolar depression. Systematic analysis of 
randomized controlled studies indicates no 
Statistical evidence of an increased risk of 
suicide with SSRIs in adults. However, it 
would seem prudent to not prescribe SSRIs to 
young men aged 18 years or less, and to men 
with depressive disorder, particularly when 
associated with suicidal thoughts. Patients 
should be advised to avoid sudden cessation or 
rapid dose reduction of SSRIs which may be 
associated with SSRI Withdrawal Syndrome, 
characterized by dizziness, headache nausea, 
vomiting and diarrhea and occasionally 
agitation, impaired concentration, vivid 
dreams, depersonalization, irritability and 
suicidal ideation. 


Priapism is a rare adverse effect of SSRIs 
and requires urgent medical treatment. Long 
term SSRI use may be associated with weight 
gain and an increased risk of type-2 diabetes 
mellitus. 


b) Daily 
antagonists 


treatment with al-adrenoceptor 


Ejaculation is a sympathetic spinal cord 
reflex which could theoretically be delayed by 
a-adrenergic blockers. Several researchers 
have reported their experience with the 
selective &l adrenergic blockers, alfuzosin 
and terazosin, in the treatment of PE. 


Both drugs are approved only for the 
treatment of lower urinary tract symptoms 
(LUTS) in men with obstructive benign 
prostatic hyperplasia (BPH). In a double blind 
placebo-controlled study, both alfuzosin (6 
mg/day) and terazosin (5 mg/day) were 
effective in delaying ejaculation in 
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approximately 50% of the cases. 


c) On-demand treatment with selective 
serotonin reuptake inhibitors 
Administration of clomipramine, 


paroxetine, sertraline and fluoxetine 4-6 hours 
before intercourse is modestly efficacious and 
well tolerated but is associated with 
substantially less ejaculatory delay than daily 
treatment. Following acute on-demand 
administration of an SSRI, increased synaptic 
5-HT levels are down-regulated by pre- 
synaptic 5-HT1A and 5-HT1B/1ID auto- 
receptors to prevent over-stimulation of 
postsynaptic 5-HT2C receptors. However, 
during chronic daily SSRI administration, a 
series of synaptic adaptive processes which 
may include pre-synaptic 5-HT1A and 5-HT1 
B/1D receptor desensitization greatly 
enhances synaptic 5-HT levels, resulting in 
superior fold increases in IELT compared to 
on-demand administration. On-demand 
treatment may be combined with either an 
initial trial of daily treatment or concomitant 
low dose daily treatment. 


d) On demand treatment with dapoxetine 


Dapoxetine is an investigational SSRI 
with a pharmacokinetic profile suggesting a 
role as an on-demand treatment for PE. 
Dapoxetine has Tmax of 1.4-2.0 hours and a 
mean half-life of 0.5-0.8 hours with a rapid 
decline of plasma levels to about 5% of Cmax 
at 24 hours, ensuring rapid absorption and 
achievement of peak plasma concentration and 
minimal accumulation. In clinical trials 
involving men with a mean baseline IELT < 2 
minutes, dapoxetine 30mg or 60mg was more 
effective than placebo. Mean IELT increased 
from 0.91 minutes at baseline to 2.78 and 3.32 
minutes at study end with dapoxetine 30 and 
60mg respectively. Mean patient rating of 
control-over-ejaculation increased from 2.8% 
at baseline to 51.8% and 58.4% with 
dapoxetine 30 and 60 mg respectively. 


e) On-demand treatment with tramadol 


Tramadol is a centrally acting synthetic 
opioid analgesic with an unclear mode of 
action which is thought to include binding of 
parent and M1 metabolite to u-opoid receptors 
and weak inhibition of re-uptake of GABA, 
norepinephrine, and serotonin. The efficacy of 
on-demand tramadol in the treatment of PE 
was recently reported. Although tramadol is 


reported to have a lower risk of dependence 
than traditional opioids, its use as an on- 
demand treatment for PE is limited by the 
potential risk of addiction. 


J) Topical anesthetics 


The use of topical local anesthetics such 
as lignocaine, and/or prilocaine as a cream, 
gel, or spray is well established and is 
moderately effective in retarding ejaculation. 
Their use my be associated with significant 
penile hypo-anesthesia and possible trans- 
vaginal absorption, resulting in vaginal 
numbness and resultant female anorgasmia 
unless a condom is used. A recent study 
reported that a metered-dose aerosol spray 
containing a eutectic mixture of lidocaine and 
prilocaine (TEMPE®) produced a 2.4 fold 
increase in baseline IELT and significant 
improvements in ejaculatory control and both 
patient and partner sexual quality-of-life. 
Penile hypo-anesthesia was reported by 12% 
of subjects; skin irritation or burning was not 
observed. 


g) Intracavernous injection of vasoactive drugs 


Intracavernous self-injection treatment of 
PE has been reported but is currently without 
any evidence-based support for efficacy or 
safety. 


h) Phosphodiesterase inhibitors 


Study on the PDESi drug treatment of PE 
failed to provide evidence to support a role of 
PDE-5 inhibitors in the treatment of PE with 
the exception of men with PE and co-morbid 
ED. 


i) Premature ejaculation and co-morbid ED 


Recent data demonstrate that as many as 
one third to one half of subjects with ED also 
experience PE. There is evidence to suggest 
that PDESIs alone or in combination with a 
SSRI may have a role in the management of 
acquired PE in men with co-morbid ED. In 
men with PE and co-morbid ED treated with 
sildenafil (50-100mg) improved erectile 
function occurred and reduced severity of PE 
occurred in 60%. The PDESI-related reduced 
PE severity is due to improved erectile 
function. The proposed mechanism of action 
of PDESIs as monotherapy or in combination 
with a SSRI in the treatment of acquired PE in 
men with co-morbid ED includes a reduction 
in performance anxiety due to better erections 
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and down-regulation of the erectile threshold 
to a lower level of arousal. 


The future of PE drug development 


Several in-vitro and animal studies have 
demonstrated that the desensitization of 5- 
HT1A_ receptors, increased activation of 
postsynaptic 5-HT2C receptors, and the 
resultant higher increase in synaptic 5-HT 
neurotransmission seen in daily dosing of 
SSRI class drugs can be acutely achieved by 
blockade of these receptors by administration 
of an on-demand SSRI and a 5-HT1A receptor 
antagonist. One study reported that PE men 
refractory to daily paroxetine can be salvaged 
by the addition of high dose pindolol, a non- 
selective B-blocker with partial beta-agonist 
activity and a 5-HTA receptor antagonist. 


Aspermia (ejaculatory failure) 


Aspermia is the absence of ejaculate 
despite presence of sufficient erotic stimuli, 
good erection, and adequate duration of the 
sexual act. Aspermia may be due to male 
anorgasmia or dry orgasm. Dry orgasm 
includes: failure of emission, retrograde 
ejaculation, and retained ejaculation in the 
urethra due to failure of its propulsion. The 
differential diagnosis of the various types of 
aspermia is illustrated in table 21.3. 


Male anor gasmia 


This condition refers to failure of the 
orgasmic phase of the male sexual response 
which includes emission, ejection and orgasm. 
These patients do not have semen ejaculation 
or experience orgasmic sensation despite 
presence of normal erection which can be 
maintained for long periods during coitus. 
Anorgasmia may be psychogenic or organic. 
Organic causes include endocrinal disorders 
(hypogonadism, hypothyroidism) and drugs 
(tricyclic and SSRI antidepressants). 


Etiology 


Psychogenic male anorgasmia may be 
primary or secondary, total, selective, or 
occasional. 


Primary total anorgasmia: Occurs in 
patients who have never had a conscious 
ejaculation, whether by masturbation or during 
intercourse, and is usually due to sexual 
ignorance or religious family backgrounds 
with prohibition of sex. 


Secondary total anorgasmia: This is 
usually due to a specific trauma associated 
with ejaculation (e.g. during an illegal sexual 
act), causing the patient to feel dread or 
anxiety when imagining himself ejaculating. 


Primary selective anorgasmia: These 
patients can masturbate but cannot ejaculate 
intra-vaginally. This disorder stems from 
unconscious conflicts (e.g. Oedipal problem), 
abnormal beliefs about intravaginal 
ejaculation (e.g. rejection by the woman if 
ejaculation occurs), or habituation to a special 
style of eroticism in masturbation. 


Secondary selective anorgasmia: This is 
due to fear of impregnation (due to legal or 
medical factors), disturbed interpersonal 
relationships, or absence of special sexual 
fantasy needed for orgasm. Some patients can 
ejaculate with masturbation but not intra- 
vaginally, whereas others are capable of 
ejaculation with their wives but not with other 
women, or vice versa. 


Occasional anorgasmia: Unlike the 
above-mentioned types, which are caused by 
psychogenic factors, occasional anorgasmia 
can also be caused by temporary physiologic 
factors. Psychogenic causes include little 
sexual interest in the particular act or non- 
responsivity of the partner, whereas 
physiologic causes include fatigue, a high dose 
of alcohol, short interval from the last 
ejaculation, and aging. 


Table 21.3: Differential diagnosis of aspermia. 


Diagnosis 


Psychogenic male anorgasmia is 
characterized by absence of both ejaculate and 
orgasm, presence of nocturnal emissions, 
prolonged duration of the sexual act, and 
negative post-ejaculatory urine examination 
for sperm and fructose. Organic male 
anorgasmia has similar findings but nocturnal 
emissions are absent. Contrary to dry orgasm, 
male psychogenic anorgasmia may be 
selective or circumstantial. 


Treatment 


Therapeutic lines available for psycho- 
genic male anorgasmia include psycho-sexual 
therapy and the electro-vibrator. Psychosexual 
therapy includes educational psychotherapy, 
behavioral psychotherapy, and analytical 
psychotherapy. Educational psychotherapy 
includes sex education (correction of sexual 
ignorance and/or sexual mis-understandings) 
and marital therapy (for interrelationships 
deterioration). | Behavioral psychotherapy 
includes masturbation therapy (for primary 
total anorgasmia) and sex therapy for other 
cases. Patients non-responding to 
educational and behavioral psychotherapy 
are shifted to the use of the electro-vibrator 
which is highly effective. Non-responders are 
referred for treatment of their sexual 
inhibitions by deeper types of psychotherapy 
as psychodynamic psychotherapy or psycho- 
analysis. 


Criterion Anorgasmia Failure of emission Retrograde Retained 
ejaculation ejaculation 

Psychogenic Or ganic 

Orgasm - - + + + 

Nocturnal + - - - - 

emissions 

Duration of Prolonged Prolonged Normal Normal Normal 

intercourse 

Emission - - - + 

Post-ejaculatory - 2 - + - 

urine findings 

(sperm, 

fructose) 

Pathogenesis Psychogenic Variable Absent contraction of Patent bladder neck Anterior urethral 

accessory sex organs abnormality 

Etiology Sexual ignorance Hypogonadism Complete Anatomical Obstructions 
Sexual Hypothyroidism sympathetic injury Incomplete Loss of contractile 
inhibitions SSRIs, tricycles sympathetic injury power 


Other factors 
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Men having primary total anorgasmia are 
treated by masturbation therapy even if they 
have a partner, to learn to ejaculate through 
masturbation, using sexual fantasies. After 
learning masturbation and in those men who 
have selective vaginal anorgasmia, sex therapy 
is instituted. The man is encouraged to 
ejaculate progressively closer to his wife’s 
body in an effort to achieve intravaginal 
ejaculation. A single occasion of intravaginal 
ejaculation is usually all that is wanted to 
reverse the dysfunction permanently and after 
several successive episodes, the couple’s 
confidence is firmly established. The details of 
the technique of sex therapy for male 
anorgasmia are given in chapter 15. 


Vibratory stimulation of the penis is used 
in patients with psychogenic anorgasmia and 
to obtain semen from aspermic patients with 
spinal cord injury. The vibrator is applied to 
the ventral surface of the glans penis which is 
stimulated by the vibrations. Ejaculation and 
orgasm may follow after 3 to 6 minutes. A few 
artificially evoked ejaculations may make the 
patient conscious of what he is expected to do 
and enable him to have normal intercourse 
(conditioning of the ejaculatory reflex). 
Should the patient have ejaculations under 
stimulation of the electro-vibrator only, and 
not during intercourse, then the ejaculated 
semen may be collected and used for artificial 
insemination if fertility is wanted. A success 
rate of approximately 75% has been reported 
in patients treated for anorgasmia by sex 
therapy. A nearly similar result has been 
achieved by the electro-vibrator. 


Male anorgasmia caused by SSRIs can be 


treated effectively with added drugs (Table 
21.4). 


Dry orgasm 
Etiology 


While in male anorgasmia there is 
absence of both ejaculate and orgasm, in dry 
orgasm there is orgasm but no ejaculate. Dry 
orgasm may be due to failure of emission 
(anejaculation), retrograde ejaculation, or 
retained ejaculate in the urethra due to failure 
of its propulsion. 


The causes of retrograde ejaculation 
(retrograde aspermia) are presented in table 21.5. 


Failure of emission (anejaculation) is 
caused by the same causes of neurogenic 
retrograde ejaculation. These causes can lead 
also to a low semen volume. That these 
neurogenic causes can lead to these types of 
ejaculatory dysfunctions can be understood in 
the light that both seminal emission and 
bladder neck closure are mediated by alpha- 
adrenergic sympathetic nerves. Bladder neck 
closure seems to be more vulnerable to 


sympathetic injury than does seminal 
emission. 
Incomplete or lesser degrees of 


sympathetic injury lead to retrograde 
ejaculation while failure of emission is 
caused by complete lesions. Thus there is a 
wide spectrum of dysfunctions due to 
sympathetic injury with various degrees of 
affection of both the organs of emission and 
the bladder neck depending on the degree of 
the sympathetic injury. This is evidenced by 
the fact that a single cause can lead to 
several types of ejaculatory dysfunctions e.g. 
diabetes mellitus, psychotropic drugs, 
retroperitoneal lymphadenectomy, and spinal 
cord injury. 


Table 21.4: Adjunctive drug therapy for SSRI-induced DE and anor gasmia. 


Drug Dose on % success Mechanism of action Remarks 
demand 

Amantadine 100-400mg 42% Stimulation of dopaminergic Taken 6h before coitus 
nerves, used in Parkinson’s 
disease 

Bupropion 75-150mg 66% Antidepressant, prolongs 
action of dopamine 

Buspirone 15-60mg 80% Anxiolytic, has SHT-1A 


receptor agonist activity 


Cyproheptadine 4-12mg 48% 


Antihistamine, increases 


Role limited by its sedative 


cerebral serotonin levels effect 


Yohimbine 5.4-10.8mg 73% 


Alpha-2 antagonist 


Taken 90min before coitus, 
response delayed up to 8 
weeks, often side effects 
including nausea, headache, 
dizziness and anxiety 


Table 21.5: Causes and Pathogenesis of retrograde ejaculation. 


Pathogenesis Causes 


Anatomical retrograde 
ejaculation (wide bladder 
neck) 


Congenital wide bladder neck 
After reconstruction of bladder extrophy or hypospadias 


After operations for bladder neck obstruction 


Prostatectomy (transurethral, open) 


Back pressure from obstructions in the posterior urethra 


Congenital posterior urethral valve 


Stricture urethra following fracture pelvis 


Spasm of external urethra due to upper motor neurone lesions 
including spina bifida 


Neurogenic retrograde 
ejaculation (paralyzed 
bladder neck) 


Surgical sympathectomy 


Retroperitoneal lymph node dessection for non-seminomatous 
testicular tumors 


Abdominopelvic surgery 


Lumbar sympathectomy 


Aortoiliac vascular surgery 


Colorectal surgery 


Traumatic sympathectomy 


Spinal cord injury 


Medical sympathectomy 


Autonomic neuropathy e.g. diabetes mellitus 


Neurologic diseases e.g. multiple sclerosis, spina bifida 


Pharmacologic retrograde ejaculation 


Drugs causing retrograde ejaculation (chapter 13) 


Diabetes mellitus most commonly causes 
retrograde ejaculation but milder lesions cause 
a low semen volume and more advanced 
lesions cause failure of emission. 


Low semen volume is probably produced 
by partial retrograde ejaculation and/or in- 
complete contraction of seminal organs. 


Retrograde ejaculation in diabetes is 
usually of slow onset with progressive 
decrease in the volume of semen. Small doses 
of psychotropic drugs can cause delay in 
ejaculation which is the basis for the use of 
these drugs in treatment of premature 
ejaculation. Higher doses may cause a low 
semen volume and still higher doses may lead 
to failure of emission or, less commonly, to 
retrograde ejaculation. 


Bilateral retroperitoneal 
lymphadenectomy done for non- 
seminomatous testicular cancers is the 


commonest cause of surgical sympathectomy 
in young adults. Most of the patients develop 
failure of emission but some will have 
retrograde ejaculation. The use of a modified 
unilateral node dissection has significantly 
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lowered the incidence of postoperative 
ejaculatory disturbance with preservation of 
normal emission and ejaculation in more than 
80% of patients. Ejaculatory function is 
preserved in about 20% of spinal cord injured 
men while 80% have variable degrees of 
ejaculatory failure depending on the degree of 
spinal injury. Unlike erectile capacity, the 
ability to ejaculate increases with descending 
levels of spinal injury. Besides sympathetic 
injury leading to failure of emission or 
retrograde ejaculation, parasympathetic injury 
can lead to failure of urethral propulsion with 
dribbling of ejaculated semen. 


The causes of aspermia due to failure of 
urethral propulsion (retained ejaculation) are 
shown in table 21.6. 


Diagnosis 
Men with dry orgasm experience 
orgasm with absence of ejaculate. The 


diagnosis of retrograde ejaculation is made by 
discovering many spermatozoa in the post- 
masturbatory urine of the patient. The fructose 
test is positive. If there are no spermatozoa in 
the urine and the fructose test yields a 


negative result, emission failure is diagnosed. 
Patients having deficient urethral propulsion 
feel that their semen is retained in the urethra 
and they can extrude it by urethral milking. 


To obtain urine for post-ejaculatory 
examination for sperm and fructose, the 
patient is instructed to evacuate his bladder. 
After ejaculation, with masturbation or coitus, 
the patient’s total volume of urine is 
centrifuged and the sediment is re-suspended 
to Iml. This allows qualitative and 
quantitative examination of semen (sperm 
count, motility, | morphology). Direct 
examination of a drop of the voided semen 
gives an idea about the presence of retrograde 
ejaculation if large numbers of sperms are 
seen. It should be remembered that if a post- 
coital urine specimen is taken from men who 
ejaculate normally, the urine will also contain 
few sperms which have remained in the 
urethra after ejaculation. Diagnosis of 
retrograde ejaculation by microscopic 
examination of post-ejaculatory urine is very 
difficult when it is associated with 
azoospermia or severe oligozoospermia and 
the fructose test may help in such cases. 


Study of the genital reflexes can help 
diagnosis of ejaculatory disorders. Failure of 
emission and retrograde ejaculation due to 


neurogenic sympathetic dysfunction are 
studied by the internal anal and cremasteric 
reflexes. The internal anal reflex is 


contraction of the internal anal sphincter 
elicited by introduction of a gloved finger into 
the anus. This reflex is supplied by 
sympathetic fibres passing through the 
hypogastric plexus and pre-sacral nerves and 
the reflex center is located in Liz cord 
segments. Absence of this reflex may result 
from damage to the hypogastric plexus or pre- 
sacral nerves. The cremasteric reflex goes 
through the ilioinguinal and genitofemoral 
nerves and its center lies in L,.. segments. The 
reflex is elicited by stroking the skin on the 


upper inner aspect of the thigh with a blunt 
object. The response consists of contraction of 
the cremasteric muscle with an ipsilateral 
elevation of the testis. During full erection of 
the penis this reflex is elicited bilaterally. 
Genital reflexes used for study of urethral 
ejaculation (and also of ED) have their spinal 
centers in S24 cord segments. The bulbo- 
cavernosous reflex goes through the pudendal 
nerve and is elicited by stroking, pricking, or 
pinching the dorsum of the glans penis which 
leads to visible contraction of the external anal 
sphincter. The superficial anal reflex, which 
goes through the inferior hemorrhoidal nerve, 
is elicited by stroking or pricking the skin in 
the perianal region leading to visible 
contraction of the external anal sphincter. 


Treatment 


Treatment of aspermia due to failure of 
urethral propulsion 


Obstructions in the anterior urethra are 
treated surgically. Patients having loss of 
contractile power of the anterior urethra are 
advised to milk semen out. This semen may be 
used for intrauterine insemination (IUI) in 
patients who want pregnancy. 


Treatment of retrograde ejaculation 


Retrograde ejaculation represents a 
fertility problem in young males but this 
problem is usually absent in old patients. Thus 
treatment for retrograde ejaculation is mainly 
indicated in young patients who want 
procreation. Available lines of treatment for 
retrograde ejaculation and failure of emission 
are presented in table 21.7. It is observed that 
retrieval of semen from the bladder and its 
insemination into the wife is a method that can 
be used for all types of retrograde ejaculation. 
Drug therapy can be used for both failure of 
emission and retrograde ejaculation of 
neurogenic origin. Electrical therapy is used 
only for patients having failure of emission. 


Table 21.6: Causes of failure of urethral propulsion (retained ejaculation). 


Obstructions in anterior urethra 
Congenital urethral valves 
Congenital or acquired stricture 
Congenital or acquired meatal stenosis 
Loss of contractile power of anterior urethra 
After urethro-plasty for hypospadias 


Paralysis of muscles (bulbocavernosus, ischiocavernosus) due to lower motor neurone lesion 


Congenital spina bifida 
Acquired cauda equina lesion 
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Table 21.7: Treatment of aspermia due to retrograde ejaculation and failure of emission. 


Disor der 


Therapeutic measures 


Retrograde ejaculation 
Anatomical type 

Surgery 

Neurogenic type 


Semen retrieval and IUI 


Semen retrieval and IUI 


Drug therapy with alpha-1 receptor agonists 


Drug therapy and IUI 


Failure of emission 


Stop of any drug causing failure of emission 


Drug therapy as for retrograde ejaculation + IUI 


Electrical therapy 


Electro-vibration 


Electro-ejaculation 


Surgical sperm retrieval 


1. Surgery 


Surgical corrective techniques to restore 
the integrity of the bladder neck have been 
reported in some cases of retrograde ejaculation 
that are the result of disordered anatomy. This 
involves excision of scar tissue with plastic 
reconstruction of the bladder neck and the 
results are encouraging in selected patients. 


2. Drug therapy 


Since the vas deferens, seminal vesicles, 
and bladder neck closure are under adrenergic 
control via adrenergic receptors the aim of 
pharmacological therapy is to increase 
sympathetic tension leading to a relative 


increase in sympathetic stimulation. 
Sympathomimetic agents have been used 
successfully to improve smooth muscle 


function at the bladder neck in men with 
retrograde ejaculation due to a neurogenic 
dysfunction leading to partial or complete 
conversion to antegrade ejaculation. In ad- 
dition, these drugs are useful for inducing 
semen emission into the posterior urethra in 
patients having failure of emission and the 
spectrum of results includes (1) development 
of retrograde ejaculation in previously 
anejaculatory males, (2) increased counts in 
previously low sperm density ejaculates, and 
(3) occurrence of seminal emission and 
antegrade ejaculation. 


Drugs commonly used for treatment of 
retrograde ejaculation and failure of emission 
include the alpha-1 adrenoceptor agonists 
imipramine, ephedrine, pseudoephedrine and 
midodrin and are presented in table 21.8. In 
patients with minimal sympathetic dysfunction 
(retrograde ejaculation) antegrade ejaculation 
is easily restored with oral administration (e.g. 
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midodrin 5mg t.d.s)ů, whereas for more 
pronounced sympathetic disruption (emission 
failure) parenteral administration is mandatory 
(midodrin 5-15mg IV one hour before 
ejaculation). Oral drugs are given daily 
initially for a 2-week trial and if successful, 
they are continued at least prior to and 
including the time of ovulation for many 
months until conception occurs. Parenteral 
drugs are injected one hour before ejaculation. 
Sympathomimetic drugs act by causing release 
of norepinephrine from nerve terminals and by 
stimulating alpha adrenergic receptors. 
Imipramine acts by blocking reuptake of 
norepinephine by nerve terminals, thereby 
potentiating adrenergic activity. 


Alpha sympathomimetic drugs cause CNS 
stimulation and side effects include 
tachyphylaxis due to depletion of the 
norepinephrine stores in the terminal nerve 
endings. Sympathomimetics may exacerbate 
hypertension and asthma. Midodrin is used in 
treatment of hypotension and is associated 
with less frequent and less severe adrenergic 
effects than ephedrine and other 
sympathomimetic agents. 


Anticholinergic drugs decrease para- 
sympathetic activity within the urogenital tract 
and therefore increase relatively the 
sympathetic tone. Pregnancies have been 
reported with antegrade ejaculation into the 
wife after drug therapy in men having 
neurogenic ejaculatory dysfunction leading to 
retrograde ejaculation or failure of emission. 
However, most of the patients remain in need 
for assisted reproduction by doing IUI using 
the ejaculated semen either because of low 
semen volume (less than 1 ml) or subnormal 
sperm motility. 


Table 21.8: Drugs used for therapy of retrograde ejaculation and failure of emission. 


Drug Dose 
Sympathomimetic drugs 
Ephedrine sulphate 30-60mg b.I.d. or t.d.s 
Pseudoephedrine HCl 60mg q.I.d. or 
80-160mg 2 hours before ejaculation 
Phenylpropanolamine HCI 75mg b.I.d. or t.d.s 
Midodrin (Gutron) 5mg t.d.s or 
5-15mg I.V one hour before ejaculation 
Oxedrine (synephrine) 60mg I.V. one hour before ejaculation 
Anticholinergic drugs 
Brompheniramine maleate and chlorpheniramine 8mgb.I.D or t.d.s 
maleate 
Other drugs 
Imipramine HCl 25mg b.I.d or t.d.s 
(Tofranil) 


Patients having failure of emission who 
develop retrograde ejaculation after drug 
therapy are treated by semen retrieval from 
their bladder and IUI. Patients not responding 
to drug therapy are treated as those having 
anatomical retrograde ejaculation i.e. semen 


retrieval and IUI. Diabetic autonomic 
neuropathy is less responsive to 
pharmacologic manipulation than other 


etiologies of sympathetic denervation (e.g. 
after retroperitoneal lymphadenectomy) and 
the best responses in diabetics appear to be 
obtained with imipramine and brom- 
pheniramine maleate. 


3. Retrieval of semen and IUI 


Retrieval of semen from the bladder and 
subsequent artificial insemination has been the 
most widely used and successful treatment for 
retrograde ejaculation. Urine has a deleterious 
effect on sperm motility which is due to two 
effects acid pH, and varying osmolarity from 
that of semen. Contact of semen with urine 
leads to more than 50% decrease in sperm 
motility within 5 minutes and a longer time of 
contact is lethal to the sperms. Control of pH 
alone is insufficient to prevent decrease in 
sperm motility. Semen osmolarity has been 
reported as 366 + 16 m Osm/L, with sperm 
motility maximized at a urine osmolarity of 
200 to 300 m Osm/L. The following steps are 
used for retrieval of semen from the bladder 
and subsequent IUI. 


Alkalinization of urine: Oral 
administration of sodium bicarbonate tablets 
600mg q.I.d. for 2 days before and the day of 


semen collection to reach slightly alkaline 
urine (pH 7+) monitored with pH test paper. 
Acetazolamide may be substituted for sodium 
bicarbonate if the latter does not successfully 
alkalinize the urine. 


Replacement of bladder urine with 
isotonic alkaline solution: In patients who fail 
to alkalize on oral medication. After voiding, 
the bladder is irrigated with a buffering 
solution e.g. Ringer’s glucose or BWW 
through a catheter using 180 ml after which 2 
ml is left in the bladder to provide an optimum 
milieu for the sperms to be ejaculated. 


Adjustment of urine osmolarity: Both 
hyposmolar (less than 200 m Osm/L) and 
hyperosmolar (more than 300 m Osm/L) urine 
are injurious to sperms. Osmolarity correction 
is more difficult to monitor or achieve than 
urine pH. Since isosmolar urine has a specific 
gravity of about 1.010, checking of specific 
gravity is done. Fluid restriction is advised for 
those whose specific gravity suggests dilute 
hyposmolar urine (less than 1.010) and 
hydration (increased fluid intake) is advised in 
those with concentrated urine (specific gravity 
1.014). 


Obtaining semen: The bladder is emptied 
both prior to and immediately after ejaculation 
in order to recover the ejaculated fluid in a 
small volume of urine as possible. Those who 
cannot void immediately after ejaculation are 
catheterized to obtain the ejaculate. 


Semen processing (washing and 
concentration): The voided semen urine 
mixture (ideally less than 25 ml) is washed by 
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diluting it with 25 ml of a sperm capacitating 
and buffering medium (to reduce any harmful 
urine components) e.g. Ham’s F 10. The 
semen-urine-buffer mixture is centrifuged at 
approximately 400 g for 10 minutes. The 
supernatant is discarded and the sperm pellet 


is reconstituted in the same Ham’s F-10 
solution using a volume of 0.5 to 2 ml. 
Artificial insemination: If sperm 


production is normal IUI is done. If after 
processing the total motile sperm count is less 
than 10 million, IVF, with or without ICSI, 
may be needed. 


Treatment of failure of emission 
1. Drug therapy 


While pharmacologic sympathectomy 
blocks all sympathetic stimulation from the 
organs of emission and is reversed by just stop 
of the offending drug, other causes of 
sympathectomy (surgical, traumatic) affect the 
sympathetic nerves but leave the nerve 
endings and adrenergic receptors intact. In 
these cases a normal physiological response 
going through sympathetic nerves is absent 
but the organs of emission can respond to 
external stimulation (pharmacologic, 
chemical, electrical) which act on the nerve 
endings and adrenergic receptors present in 
these organs. 


In patients with failure of emission 
midodrin 7.5-15mg/day resulted in antegrade, 
retrograde and combined antegrade/retrograde 
ejaculation in 29%, 13% and 14%, 
respectively. Midodrin in spinal cord injured 
patients resulted in antegrade or retrograde 
ejaculation in 64% who had previously failed 
to respond to penile vibratory stimulation and 
given midodrin 30-120min before a new 
stimulation. 


Men with nerve-sparing retroperitoneal 
lymphadenectomy will commonly have some 
innervation of the ejaculatory organs and the 
stimulation afforded by drug therapy may be 
enough to allow seminal emission or bladder 
neck closure. Diabetic neuropathies commonly 
have a progressive decline in adrenergic 
function, and when either retrograde 
ejaculation or failure of emission occurs Q- 
agonist therapy may temporarily reverse the 
effects of neuropathy for a period of time, 
until it progresses, making drug therapy 
ineffective. 
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2. Electrical therapy 


Electro-vibration: Penile vibratory 
stimulation (PVS) was first applied to the 
spinal cord injured patients. In a series of 50 
paraplegics an ejaculate was obtained by 
vibratory stimulation in 36, with pregnancies 
reported in 6 spouses. Vibratory stimulation 
has been recommended for lesions at the T; 
level or below because of the risk of 
autonomic dysreflexia with hypertension seen 
in upper lesions. Patients with cord lesions at 
L,2 do not respond. 


Subjectively, vibratory stimulus has been 
noted to be preferred by patients over electro- 
ejaculation. When effective, vibratory 
stimulation offers the distinct advantage of 
being adaptable for home use along with 
insemination techniques in which the couple 
may be instructed. 


PVS is usually recommended as the first 
line of treatment for anejaculation in men with 
SCI. PVS involves placing a vibrator on the 
dorsum or frenulum of the glans penis. 
Mechanical stimulation produced by the 
vibrator recruits the ejaculatory reflex to 
induce ejaculation. This method is more 
effective in men with an intact ejaculatory 
reflex, i.e., men with a level of injury T10 or 
above (88% success rate) compared to men 
with a level of injury T11 and below (15% 
success rate). 


Unlike the methods of EEJ, surgical 
sperm retrieval or prostate massage, the 
method of PVS may be performed at home by 
selected couples. 


Autonomic dysreflexia is a risk for PVS 
in patients with a level of injury T6 and above. 
Briefly, autonomic dysreflexia is potential 
life-threatening medical complication resulting 
from an uninhibited sympathetic reflex 
response to an irritating stimulus below the 
level of injury. Symptoms of autonomic 
dysreflexia include hypertension, bradycardia, 
sweating, chills and headache. In some cases, 
autonomic dysreflexia can lead to dangerously 
high blood pressure levels, and this 
complication can lead to stroke, seizure, or 
even death. Autonomic dysreflexia symptoms 
can be well managed or prevented by oral 
administration of nifedipine. 


PVS may be attempted using any of a 
number of commercially available devices 


sold over the counter as wand massagers. 


PVS should not be administered to 
patients with untreated hypertension or cardiac 
disease, as it may cause an increase in blood 
pressure. 


Patients with a level of injury T6 or above 
should be pretreated with nifedipine, which is 
typically administered sublingually 15 minutes 
prior to stimulation onset. A. dose of 20 mg is 
usually administered on the first trial of PVS, 
and adjusted on subsequent trials based on the 
patient’s blood pressure during PVS. 


The goal of PVS is to activate the 
ejaculatory reflex in the thoracolumbar area of 
the spinal cord. After the patient has been 
safely positioned and pretreated with 
nifedipine, the vibrator is applied to the glans 
penis (dorsum or frenulum). This placement 
stimulates the dorsal penile nerve, which must 
be intact (S2-4) for ejaculatory success. 
Placement of the vibrator on the shaft of the 
penis or on the perineum is less effective. 


The vibrator is applied for 2-3 minutes or 
until antegrade ejaculation occurs. If no 
ejaculation occurs, the stimulation period is 
followed by a rest period of 1-2 minutes, and 
stimulation begins again. In patients who are 
responsive to PVS, the majority (89%) 
ejaculate within two minutes of stimulation 
onset. 


If a patient is unable to ejaculate with a 
high-amplitude vibrator, then auxiliary 
methods may be employed to facilitate 
ejaculation with PVS, such as application of 
two vibrators, use of abdominal electrical 
stimulation in addition to PVS, or oral 
administration of a PDE-5 inhibitor prior to 
PVS. 


Electro-ejaculation: EEJ is done in 
patients who fail PVS because it has a higher 
semen retrieval (in 95%). Rectal probe 
electro-ejaculation is a technique adopted from 
veterinary medicine to induce seminal 
emission by direct electrical stimulation of the 
short adrenergic fibres to the male 
reproductive tract. This invasive technique is 
used in aspermic patients with spinal cord 
injury and retroperitoneal lymphadenectomy 
and pregnancies have been reported. Often, a 
true ejaculation does not occur but, rather, 
semen dribbles both antegrade and retrograde 
during the procedure. Most patients 
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experience some degree of erection, from 
minimal to full. The procedure is done under 
general anesthesia with continuous 
monitoring of blood pressure. Autonomic 
dysreflexia can occur, depending on the level 
and degree of completeness of the spinal cord 
injury, and can be minimized by sublingual 
nifedipine (procardia). The procedure is 
performed with the patient in the lateral 
decubitus position. 


Alkalinization of urine as for retrograde 
ejaculation is done to increase chance of 
survival of retro-ejaculated sperms. Before 
electro-ejaculation, the bladder is catheterized 
to drain urine, washed with buffer solution and 
10-20ml of this buffer are left to be recovered 
with the sperms after electro-ejaculation. The 
patient should evacuate his bowel to ensure 
better rectal mucosal probe contact. 
Proctoscopy is performed before starting the 
electrical stimulation to assess the integrity of 
the rectal mucosa and ensure bowel 
evacuation. 


The lubricated rectal probe is gently 
placed in the rectum. The probe is connected 
to an electrical stimulator, and current is 
delivered with gradually increasing voltage 
and amperage. An assistant simultaneously 
milks the urethra to direct antegrade ejaculate 
into a sterile container. Average maximal 
voltages and number of stimulations delivered 
per session are 5 to 25 volts and 10 to 20 
stimulations, respectively. After the final 
stimulation, proctoscopy is done to rule out 
any rectal injury. The bladder is re- 
catheterized and drained for any retrograde 
sperm and the obtained fluid is processed by 
sequential buffered washing and 
concentration. Electro-ejaculation is 
performed on a monthly basis in conjunction 
with monitored ovulation of the patient’s 
spouse. Obtained semen is used for IUI or for 
more advanced assisted reproductive 
techniques (IVF, ICSI). 


3. Prostatic massage 


Due to intimate proximity of the seminal 
vesicles and ampullae of the vas to the 
prostate, prostatic massage may include 
secretions of these organs. Sperms were 
obtained with this method in 32% of studied 
patients, with a pregnancy rate of 9%. 
However, the success rate of ejaculation and 
the total motile sperm count obtained with 


PVS and EEJ is much higher than those 
obtained with prostatic massage. 


4. Surgical sperm retrieval 


A variety of surgical sperm retrieval 
methods may be used to retrieve sperm in 
men with anejaculation including testicular 
sperm extraction (TESE), testicular sperm 
aspiration (TESA), microsurgical epididymal 
sperm aspiration (MESA), percutaneous 
epididymal sperm aspiration (PESA), and 
aspiration of sperm from the vas deferens. 
Surgical sperm retrieval was originally 
developed to retrieve sperm from men having 
azoospermia and can be used in those having 
failure of emission. 


Low semen volume 


Low semen volume is usually not a sexual 
complaint but should be differentiated from 
cases of aspermia due to dry orgasm which 
may occasionally present with scant ejaculate. 
Because the seminal vesicles provide most of 
the fluid in the ejaculate, patients with 
bilateral absence of the seminal vesicles or 
having bilateral ejaculatory duct obstruction 
will demonstrate semen volumes less than 1 
ml and, more commonly, less than 0.5m1. 
Other semen findings include azoospermia, 
absence of semen coagulation, absence of 
fructose, and acidic pH. 


The causes of low semen volume are 
presented in table 21.9. Bilateral congenital 
absence of seminal vesicles is nearly always 
associated with bilateral congenital absence 
of the vasa deferentia. However, bilateral 
vasal agenesis is associated with seminal 
vesicles agenesis in approximately 50% of 
cases. Other patients usually have agenesis or 
congenital obstruction of the ejaculatory 
ducts and rarely there are patients with 
bilateral congenital absent vas who have a 
normal semen volume due to presence of 
functioning seminal vesicles. Patients with 
unilateral congenital absence of the vas and 
seminal vesicle usually have a normal semen 
volume. Unlike most cases of unilateral 
congenital absence of a vas where ipsilateral 
upper urinary tract deficiencies are the rule, 
both kidneys and ureters are usually (though 
not invariably) normal, showing that the 
cases with bilateral absence of both vasa and 
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vesicles are due to aplasia of both 
mesonephric ducts after they have given off 
their ureteric buds. 


Congenitally absent vasa and seminal 
vesicles is diagnosed by (1) semen picture, (2) 
clinically, both vasa and nearly always the 
tails and bodies of the epididymides are 
impalpable, (3) trans-rectal ultrasonography 
which demonstrates absence of the seminal 
vesicles, and (4) testicular biopsy shows 
normal spermatogenesis. Treatment is with 
TESE-ICSI. 


Bilateral obstruction of the ejaculatory 
ducts is diagnosed by (1) semen picture as 
bilateral congenital absent vas and seminal 
vesicles, (2) clinically, vasa are palpable and 
both epididymides may be distended and (3) 
trans-rectal ultrasonography demonstrating 
dilatation of the seminal vesicles, ampullae, or 
intra-prostatic ejaculatory ducts. Treatment is 
by endoscopic resection of the veromontanum 
or by incisions in the floor of the prostate just 
lateral to the veromontanum. This may un-roof 
any cystic structure and open up the ducts 


themselves. Congenital obstructions have 
better prognosis than post-inflammatory 
obstructions. 


Atypical retrograde ejaculation is a rare 
cause of low semen volume. This occurs when 
the ejaculatory ducts are directed proximally 
and empty into the bladder while prostatic 
fluid empties normally. It can be diagnosed by 
the finding of semen and fructose in post- 
ejaculatory urine. Treatment would be with 
insemination of semen recovered from 
postcoital urine as for typical retrograde 
ejaculation. 


Spontaneous ejaculation 


There are a few men who respond to 
occasions of fear or excitement on non-sexual 
situations by ejaculating e.g. during 
examinations. These ejaculations are not 
associated with sexual thoughts or pleasure 
and occur as a response to anxiety. Probably 
anxiety in these men stimulates central 
noradrenergic neurophysiologic mechanisms 
leading to spontaneous ejaculation. Since the 
condition is unpredictable, treatment is by 
reassurance or the intake of an anxiolytic drug 
if anxiety-provoking situations are anticipated. 


Table 21.9: Causes of low semen volume. 


Mechanism Causes 
Deficient production Hypoandrogenism 
Hypogonadism 


Hypergonadotropic hypogonadism 


Hypogonadotropic hypogonadism 


Drugs 
Antiandrogens 


Aging 


Severe bilateral seminal vesiculitis 


Seminal vesiculectomy 


Obstructive 


Congenital bilateral absence of seminal vesicles 


Ejaculatory duct obstruction 


Congenital obstruction 


Congenital atresia 


Congenital midline utricular cyst 


Acquired obstruction 


Iatrogenic after posterior urethra surgery or prolonged catheterization 


Post-inflammatory after chronic prostatitis, gonorrhoea, tuberculosis, 
posterior urethritis 


After fracture pelvis 


Defective propulsion 


Partial retrograde ejaculation or partial failure of seminal emission 


Incomplete lesions, or small doses of psychotropic drugs, may cause a low- 
volume ejaculate instead of totally absent ejaculation 


Atypical retrograde ejaculation 


Congenital ejaculatory ducts opening directly into urinary bladder 


Other factors 


Small abstinence period (less than 48 hours) 


Incomplete ejaculation due to 


Patient anxiety 


Insufficient sexual excitement 


Epileptiform states or organic cerebral 
lesions such as vascular accidents may 
occasionally result in spontaneous ejaculation. 
Spontaneous ejaculation frequently occurs 
during opiate withdrawal in opiate-dependent 
individuals and is a standard rating item for 
assessing severe opiate withdrawal. 


Delayed ejaculation 


Contrary to male anorgasmia, in which 
the patient neither ejaculates no reaches 
orgasm, patients with retarded ejaculation 
reach these goals but after an unduly 
prolonged coital time. The condition may 
occur in men who have a good control over 
their ejaculatory reflex and in other men it 
occurs occasionally being precipitated by the 
same causes of occasional anorgasmia 
(psychological or physiological). Delayed 
ejaculation may be advantageous if the partner 


[203] 


is late to reach orgasm, otherwise a complaint 
arises if she is anorgasmic, fails to lubricate 
adequately, or achieves orgasm too quickly. 
Persistent delayed ejaculation is treated by 
psychosexual methods as reassurance and 
advise of increasing the quality and time of 
pre-coital foreplay. 


Psychotropic drugs causing failure of 
emission or retrograde ejaculation may cause 
delayed ejaculation if taken in small amounts 
and this is the basis for their administration to 
patients with premature ejaculation. Change of 
these drugs is advised if they are the cause of a 
complaint of retarded ejaculation. Retardation 
of ejaculation occurs in elderly men as a 
physiological phenomenon associated with 
aging. Penile sensory deficit may lead to 
delayed ejaculation due to decreased penile 
tactile erotic stimuli. The causes of delayed 
ejaculation are presented in table 21.10. 


Painful ejaculation 


This subject is discussed under male 
dyspareunia. 


Pleasureless ejaculation 


Orgasm is the pleasurable sensation that 
accompanies ejaculation. It is a cortical 
sensory experience which is different from 
ejaculation. Stimuli for orgasmic sensation 
arise mainly from contraction of the striate 
bulbar and perineal muscles during 
ejaculation. These stimuli can also arise from 
contractions of the smooth muscles of the 
organs of emission (prostate, seminal vesicles, 
vas deferens) and from the penile skin. 
Moreover, some spinal cord injured men 
report orgasm in spite of complete denervation 
of all pelvic structures. These orgasms derive 
largely from cognitional eroticism and may be 
entirely independent of genito-pelvic sensation 
and action. 


Male orgasmic phase of the sexual 
response includes a psychological component 
(orgasm) and a physiological component 
(emission and ejection). Dissociation of the 
two components may occur (Table 21.11). 
Ejaculatory anhedonia is a rare sexual 
complaint. There is chronic lack of pleasure 
at the time of ejaculation despite normal 
sexual act and forceful ejaculation. The 


Table 21.10: Causes of delayed ejaculation. 


condition is of psychogenic etiology and 
several causes have been suggested (1) it 
may be a component of a generalized 
anhedonia, (2) a part of diffuse isolation of 
feeling in which sex is usually carried out 
mechanically in individuals of markedly 
obsessive character, (3) a type of hysterical 
anesthesia leading to withdrawal of attention 
at moment of orgasm, and (4) familial sexual 
prohibition during childhood and 
adolescence leading to unconscious 
deprivation of pleasure as a means of 
avoiding punishment. Treatment of 
ejaculatory anhedonia is very difficult. 
Psychoanalytic psychotherapy is advised but 
the results are usually poor. 


Absent ejaculatory force 


Normally semen is ejaculated in strong 
spurts caused by contractions of the striated 
urethral muscles. Seepage or dribbling of 
semen occurs in the following conditions: (1) 
elderly males, (2) mild obstructions in the 
anterior urethra e.g. stricture, (3) deficiency of 
contractile power of anterior urethra e.g. cauda 
equina lesions, (4) temporarily during trials to 
control premature ejaculation, and (5) 
occasionally in normal persons when they are 
fatigued or in conflict. Orgasm experienced 
with semen seepage or dribbling is usually 
weak. 


Type Causes 


Occasional Psychological 


Little sexual interest in the particular act 


Non-responsivity of the partner 


Physiological 
Fatigue 
A high dose of alcohol 


Short interval from the last ejaculation 


Aging 


Persistent Psychological 


Non-simulative partner (dependence on sexual fantasy) 


Over control of ejaculatory reflex in perfectionistic or obsessive persons 


Organic 


Low dose of psychotropic drugs 


Penile sensory deficit 


Inadequate vaginal lubrication 


Table 21.11: Causes of ejaculation, 


without orgasm and orgasm without ejaculation. 


Ejaculation without orgasm 


Orgasm without ejaculation 


Ejaculatory anhedonia 
Electro-ejaculation 
Certain spinal tumors 
Some cases of petit mal 


Heroin and morphine withdrawal 


Dry orgasm 
Failure of emission 
Failure of bladder neck closure 


Failure of urethral propulsion 
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Section 4: Disorders of male sexual response 


Chapter 22: Disorders of the sexual desire 


Hyper libido 


Increased libido is a rare sexual complaint 
in contrast to lowered or absent libido. 
Hyperlibido is manifested by (1) 
preoccupation with sexual fantasies, (2) 
abnormally easy arousal by sexual objects, and 
(3) increased frequency of sexual activity 
which may be in the form of sexual acts and/or 
inappropriate sexual behavior. The sexual acts 
may be practiced with women, men, children, 
animals, or oneself (masturbation). Excessive 
coitus with one's partner per se is not an 
abnormality. Inappropriate sexual behavior 
includes public masturbation, exhibitionism, 
voyeurism, porno-graphomania, or seduction 
of children and young women by an old man. 


The causes of hyperlibido in men are 
presented in table 22.1. Psychogenic causes 
are more common than organic causes. The 
temporal lobes play an important role in 
behavioral patterns and their lesions may 


cause behavioral abnormalities including 
hypersexuality leading to abnormal 
heterosexual, auto-sexual, and homosexual 


behavior. Temporal lobe epilepsy may be 
associated with sexual features during the 
attack (e.g. masturbation, attempted inter- 
course) and the patient later fails to remember 
the event. Hyperlibido may occur after 
encephalitis or head injury, presumably due to 
affection of the hypothalamus. Organic brain 
syndrome may cause apparent hyperlibido due 
to a loss of inhibitory neural systems. Cerebral 
atherosclerosis leads to sexual recrudescence 
in elderly men who come to display increased 
and inappropriate sexual behavior. The patient 
may revert to masturbation or become 
sexually interested in children or young 
women of the household or home-guests. 
Ironically, the atherosclerosis that impairs the 
sexual and social judgment produces erectile 
dysfunction as well. Irritative lesions of the 
posterior urethra or prostate may provoke 
sensations that are interpreted as sexually 
arising. 

Increased sexual activity in patients with 
manic-depressive illness is a sign of a manic 
or hypo-manic state. During the episode, 
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which may last for weeks, there is increased 
sexual desire and the hypersexuality ranges 
from increased thoughts and statements about 
sex, usually of a flirtatious and seductive 
manner, to engagement in sexual activities that 


are atypical for the patient such as 
promiscuity, multiple affairs, or homo- 
sexuality. This manic phase is usually 


accompanied by decreased need for sleep, an 
euphoric mood, irritability, and accelerated 
speech and motor activity. Following the 
manic episode, the patients typically have a 
retarded depression lasting weeks to months, 
manifested by marked decrease in sexual 
desire, low mood, poor concentration, physical 
fatigue, and excessive sleep. When the 
patients are in an euthymic state (neither 
manic nor depressed) their sexual desire, 
sexual life, and other aspects of personality are 
completely normal. In the early stages of 
schizophrenia sexual desire may be increased. 
However, due to social isolation, increased 
activity is expressed by increased sexual 
fantasies and masturbation. Chronic 
schizophrenia is not associated with increased 
libido. 

Satyriasis and womanizing are personality 
disorders associated with hyper-libido and 
increased sexual activity. These patients have 
a compulsive desire to prove masculinity 
through sex which becomes the one dominant 
thought and purpose of the person’s life. In 
satyriasis the affected person seeks and 
demands gratification in a promiscuous, 
compulsive and insatiable succession of sexual 
indulgences and the object of his attentions 
may be woman, man, child or beast. The 
compulsive desire in womanizers, on the other 
hand, is directed to seduce and conquer 
women and they do not use other sexual 
outlets. The Don Juan type practices sex for 
the aim of sexual possession and may keep 
records of his conquests. Emotional aspects of 
the sexual act (kissing, words of love) are 
absent. This is in contrast with the Casanova 
type of womanizers which practices sex as a 
mean of taking revenge from women, being 
skillful in emotional aspects and arousal of 
women but personally feels frustration. 


Table 22.1: Causes of hyper libido in males. 


Organic causes 


Neurologic 


Temporal lobe lesions e.g. tumors 


Temporal lobe epilepsy 


Cerebral atherosclerosis 


Organic brain syndrome 


After encephalitis 


After head trauma 


Genitourinary 


Endocrinologic 


Irritative lesions of the posterior urethra or prostate 


Mild hyperthyroidism 


Congenital adrenal hyperplasia associated with increased 
androgens (adult onset type) 


Pharmacologic Cocaine 


Opiates 


Amphetamine 


Androgens 


Psychogenic causes 


Psychiatric illness 


Manic-depressive psychosis 


Acute schizophrenia 


Personality disorders 


Satyriasis 


Womanizing 


Don Juan type 


Casanova type 


Patients with hyperlibido due to 
personality disorders may be treated by long- 
term psychotherapy. Treatment of manic 
episodes with lithium may control the sexual 
drive and responsiveness. Patients with an 
evident organic pathology are treated 
accordingly e.g. temporal lobe epilepsy, 
hyperthyroidism. In other cases, as certain 
neurological problems, no specific treatment is 
available and inhibition of excessive libido is 
achieved by anti-androgenic drugs. Estrogens 
are inappropriate because they may cause 
gynecomastia and feminization and the drug 
usually used is cyproterone acetate. This drug 
affects also potency and spermatogenesis and 
in young males the dose should be adjusted by 
the patient’s level of libido together with 
frequent determinations of the level of free 
testosterone in the blood. 


Hypolibido in men and women 


Sexual desire may be decreased 
(hypoactive sexual desire, HSD) or absent 
(inhibited sexual desire, ISD). Patients who 
complain of ISD usually avoid sex; if, 
however, they do engage in sexual activities, 
some may go to satisfactory levels of 
excitement and orgasm through use of sexual 
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fantasies and extended foreplay. Most of them, 
however, will not and therefore will also be 
impotent or anorgasmic. Yet even those who 
are impotent or anorgasmic will almost always 
complain primarily of disinterest in sex. ISD 
may be primary or secondary, situational or 
generalized. Inadequate sexual desire is 
probably the most prevalent of the sexual 
dysfunctions and up to 40% of patients with 
sexual problems are suffering from low desire. 
Hypolibido is more common in women than 
men. Women appear more susceptible to 
inhibition of sexual desire, perhaps because of 
the much lower level of testosterone, cultural 
differences, or both. 


Sexual desire is a biological instinctual 
drive, like eating and drinking, and like other 
phases of the human sexual response it is 
dependent on both a physiological component 
(plasma testosterone level) and a 
psychological component (psychosocial 
conditioning). Thus hypolibido may arise from 
organic or psychogenic causes (Tables 22.2, 
22.3). Organic factors act mainly via lowering 
of plasma testosterone or antagonism of its 
effect. Psychogenic factors (fears, anger, guilt) 
act via production of a negative psychic 
association leading to inhibition of the sexual 


appetite. These are the negative counterparts 
of sexual fantasies. A sexual fantasy gives a 
positive feeling of heightened libido while a 
negative fantasy will inhibit the sexual 
appetite. 


Inhibited sexual desire leads to avoidance 
of sexual activity. Decreased sexual desire 
leads to low level of sexual receptivity and 
initiatory sexual behavior. Lack of receptivity 
may be taken as rejection by the partner who 
desires sexual activity leading to frustration, 
and the person who is unreceptive may feel 
guilty about not being willing to meet the 
partner’s needs. Lack of initiatory sexual 
behavior often occurs if the male is suffering 
from hypolibido since the male is the usual 
initiator of sexual activity. 


In the majority of patients, low sexual 
desire occurs after a period of normal 
functioning. This secondary ISD may be due 
organic (e.g.  hyper-prolactinemia, male 
climacteric, etc..) or psychogenic factors (e.g. 
interpersonal problems, depression). Primary 


Table 22.2: Organic causes of hypolibido. 


ISD is a lifelong problem and is caused by 
factors starting before puberty which may be 
organic (e.. absent testes syndrome, 
Kallmann’s syndrome) or psychogenic in 
nature (e.g. rigidly religious upbringing or 
early sexual trauma). 

Generalized hypolibido affects all types 
of sexual stimulation (partner, other women, 
fantasies, pornography, etc.) and leads to total 
lack of sexual activity (coital, masturbatory, 
etc..). Organic causes of hypolibido and 
depression usually cause generalized 
hypolibido. Situational hypolibido often takes 
the form either of loss of interest in the partner 
but attraction to others, or a preference for self 
stimulation over sexual activity with the 
partner. A loss of sexual desire toward the 
partner alone is almost always due to 
interpersonal problems. 


Treatment 


Organic causes of hypolibido are treated 
accordingly. Treatment of psychogenic-causes 
is discussed under “Sex therapy”. 


Item Conditions that typically lower Conditions that sometimes lower 
libido libido 

Endocrinal disorders Addison’s disease Acromegaly 
Cushing’s syndrome Hyperthyroidism 
Feminizing tumors (in men) Hyperaldosteronism 


Hyperprolactinemia (in men) 


Hypothyroidism 
Hypopituitarism 


Kallmann’s syndrome 
Klinefelter’s syndrome 


Male climacteric 
Pituitary tumors 
Myotonic dystrophy 
Parkinson’s disease 
Alcoholism 

Drug addiction 


Neurologic disorders 


Drugs 


Antiandrogens (in men) 


Estrogens (in men) 
Other disorders 

Cirrhosis 

Chronic renal failure 


Chronic active hepatitis 


Congestive heart failure 


Hemochromatosis 
Tuberculosis 


Brain tumors 
Multiple sclerosis 


See drugs inhibiting sexual desire 
(chapter 13) 


Prostatitis 

Anemia 
Cerebrovascular disease 
Amyloidosis 

COPD 

Collagen diseases 
Hypoglycemia 
Hypokalaemia 
Malabsorption 
Malignancy 

Nutritional deficiencies 
Parasitic infestations 
Sarcoidosis 

Wegener’s granulomatosis 
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ISD due to depression is treated by anti- 
depressant drugs. Interpersonal problems are 
treated by marital therapy and sex therapy. 
Marital therapy includes giving information 
about the harmful effects of marital 
disharmony on sexual desire and explaining 
the causes of marital transactions and how 
they affect sex. Sex therapy for hypolibido 
includes (1) sensate focus exercises, (3) 
increasing patient’s sexual interest, and (3) 
cognitive-behavioral intervention. Sensate 
focus exercises act by dispel of negative 
Table 22.3: Psychogenic causes of hypolibido. 


affects (fears, guilt, anger, anxiety) and 
reinforcement of positive feelings of pleasure. 
Tasks designed to increase the patient’s sexual 
interest include the use of sexual fantasies and 
looking at erotic materials. Cognitive- 
behavioral interventions can be helpful. For 
example, the patient may be helped to become 
more aware of negative thoughts about the 
partner during sex, as the same time 
countering them via reminders of his or her 
attractive qualities. 


Depression 


Interpersonal problems 


Intrapersonal problems 


Situational hypolibido 


Commonest cause of hypolibido 
Diminished feelings of sexual attraction for the partner may occur in presence of 
Boredom 
Lack of physical attractiveness 
Hostility 
Distrust 
Poor communication 
Lack of respect or affection 
Conflict about non-sexual subjects 
Non-sexual stresses of life e.g. job problems 


Negative psychic association: depression and/or anxiety leading to hypolibido 
occurs in: 


Medical illness e.g. heart disease 

Surgery e.g. mastectomy, colostomy 

Presence of sexual dysfunction e.g. ED, orgasmic dysfunction 
Fears 

Fear of intimacy 

Fear of romantic success 

Fear of pregnancy 

Fear of venereal disease 

Fear of losing control during sexual arousal 

Fear of rejection by one’s partner 


Guilt about sexuality due to negative childhood conditioning by rigid religious 
beliefs 


Traumatic sexual experiences e.g. rape, incest 


Unwelcome fantasies that must be warded e.g. sadomasochistic, fetishistic, or 
homosexual fantasies 


Lack of privacy 

Unhygienic partner 

Cruel partner 
Madonna-prostitute syndrome 


Selective hypolibido with partner, but normal libido with other sexual outlets (e.g. 
masturbation, other partners) Inhibition of desire for everyone but the loved 
partner is healthy 
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Intrapersonal problems leading to 
hypolibido may be treated by (1) simple 
educational psychotherapy, (2) treatment of a 
partner sexual dysfunction if present, and (3) 
psychodynamic psychotherapy. Simple 
educational psychotherapy can be effective in 
hypolibido resulting from non-sexual life 
stress, simple fears as fear of pregnancy, or 
decreased self-esteem secondary to surgical 
operations. Treatment of a partner sexual 
dysfunction (e.g. ED, anorgasmia) usually 
leads to improvement of libido as sexual 
functioning improves. Psychodynamic 
psychotherapy (insight psychotherapy) is 
indicated for patients having deeper causes of 
ISD eg. fear of intimacy, restrictive 
upbringing, traumatic sexual experiences, or 
perverse tendencies. 


Unequal levels of sexual desire 


Unequal levels of sexual desire in a 
marriage occur if one partner has a disorder of 
libido. In a marriage troubled by inhibited 
sexual desire, the partner with intact libido 
may threaten separation or divorce unless 
something is done to improve the sexual 
relationship. Unequal levels of sexual desire 
may be due to (1) constitutional differences, 
(2) age-related changes, (3) ISD in one partner 
due to organic or psychogenic etiology, and 
(4) false increase in sexual desire in the wife. 


Sexual desire is variable among normal 
persons. Constitutional differences may occur 
in a marriage if a normal person with a low 
sexual desire has married a normal partner 
with a high sexual desire. Age-related changes 
in sexual desire include physiological, 
physical, and psychological changes. Male 
sexual desire peaks in the twenties and 
declines gradually and steadily thereafter. 
Female sexual desire peaks in the thirties and 
remains relatively stable until the fifties. Thus, 
a couple may find that the wife wants 
intercourse more frequently than the husband. 
Age may lead to loss of physical 
attractiveness. Men, especially, tend to depend 
upon physical attraction for sexual arousal. 
Many physical factors can decrease sexual 
interest in a partner e.g. poor hygiene, 
overweight, bad breath, unkempt appearance, 
a balding male, a “sagging” female, etc.. 
Psychological factors leading to decreased 
sexual interest with age include decreased 
intimacy, decreased communication, and 
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boredom with the same sexual techniques 
practiced year after year. This is contrary to 
early years of marriage which are usually 


characterized by novelty, excitement, 
exploration, intimacy, and much 
communication. 


Any type of sexual dysfunction may 
radically reduce the sexual interest of one or 
both partners. For example dyspareunia, 
vaginismus, female orgasmic dysfunction, ED, 
premature ejaculation, and male anorgasmia 
may all have such a negative effect. Sexual 
failure is emotionally painful and people, 


normally, avoid situations which they 
anticipate will bring them adverse 
consequences. Additionally, sexual dys- 


function reduces the reward a person is likely 
to get from sexual activity. With an increase in 
punishment and a decrease in reward, it is 
natural for the individual’s sexual interest to 
wane. 


Unequal levels of sexual desire in a 
marriage may occur if the wife acquires a false 
heightening of sexual desire. Heightened 
desire may occur if the wife see other women 
admiring and wanting her partner. A woman 
who wants to become pregnant may constantly 
crave sexual intercourse hoping that it will 
lead to impregnation. A woman who fears that 
she is becoming unattractive as she ages, or 
perceives that her partner is noticing younger 
or more attractive women, may increase her 
sexual activity for proof of her attractiveness. 
When the man is impotent, the woman may 
increase her sexual activity to ascertain that 
his impotence is not related to lack of desire 
for her. She may also increase her sexual 
behavior to help the man overcome the 
impotence. 


Occasionally a woman may decide to 
“exhaust” her husband as a passive-aggressive 
maneuver to render him helpless if he 
constantly bombards her with sexual demands. 
Anger at a discovered or suspected infidelity 
may force some women to compete sexually 
with the other woman e.g. with increased 
desire, frequency, and variety of sexual 
techniques. 


Treatment of inadequate levels of sexual 
desire in a marriage depends on its cause. 
Educational psychotherapy is used for patients 
having constitutional or age-related 
differences. Decreased or absent sexual desire 


caused by hypolibido is treated accordingly. 
Treatment of a sexual dysfunction in a partner 
usually leads to restoration of previous levels 
of sexual activity. Women having a false 
increase of sexual desire leading to a 
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complaint of unequal desire in a marriage can 
be treated by educational psychotherapy, 
marital therapy or, if needed, psychodynamic 
psychotherapy. 


Section 5: Other male sexual disorders 


Chapter 23: Disorders of male sex differentiation 


Introduction 


During the first six weeks of normal 
human fetal development, male and female 
embryos have the same phenotype although 
the chromosomal content differs; 46, XY and 
46, XX, respectively. The embryo at that stage 
develops two bi-potential gonads and two 
double ductal systems, the Wolffian ducts, and 
the Miillerian ducts. Thereafter, the gonads 
will develop to either testes or ovaries because 
of different genetic events. Locally acting 
hormones from the fetal testis are crucial for 
normal male development. 


The testicular hormones that are essential 
for male development are testosterone secreted 
from the testicular Leydig cells and anti- 
Miillerian hormone (AMH), also recognized 
as Miillerian-inhibiting hormone or Miillerian- 
inhibiting substance, produced by the Sertoli 
cells. Testosterone acts on the Wolffian ducts 
by stimulating the male internal genital 
development resulting in vas deferens, 
epididymis, and the seminal vesicles. AMH 
acts on the cells of the Miillerian ducts, 
resulting in regression of these ducts and also 
preventing a formation of uterus and fallopian 
tubes. In the same manner, the external genital 
organs in males and females are identical until 
gestational week 6 (Fig. 23.1). Under the 
influence of high androgen levels locally in 
males, the genital tubercle grows and 
differentiates to a penis, the urethral plate 
gradually closes to a urethra that opens on the 
tip of the glans, a scrotum is formed by fusion 
in the midline, and the testes migrate from the 
initial abdominal position to the scrotum. 


Because of this developmental cascade of 
events, disorders of the sex development in the 
male occur as different degrees of under- 
masculinization. In mild forms, boys present 
with hypospadias, with a urethral meatus 
located near the glans. In the most severe 
forms, the meatus is located in the perineum, 
often associated with a small and curved 
penis. Other associated malformations are 
cryptorchidism and micropenis. In females, 
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virilization causes different degrees of 
enlargement of clitoris or midline closure to a 
urogenital sinus and scrotum. The most 
common cause of these conditions in females 
is congenital adrenal hyperplasia (CAH). 


Ambiguous genitalia in the newborn 
may also occur as a result of chromosome 
abnormalities. The most common 
chromosome abnormality is 45,X/46,XY 
mosaicism associated with mixed gonadal 
dysgenesis. The phenotype encompasses a 
wide spectrum, ranging from hypospadias 
with normal penile size to severe under- 
masculinization and micropenis. However, 
more than 90% of children with a prenatally 
45X/46,XY diagnosis have normal male 
genitalia. The gonadal morphology in 
children with ambiguous genitalia is usually a 
testis on one side and a streak gonad on the 
other. The streak gonad should be removed 
because of risk of malignancy. In childhood, 
stigmata like those in Turner syndrome may 
develop. 


In children with a 46,XX/47,XXY 
karyotype, the phenotype varies depending on 
the nature of the gonads. Ovotestis (true 
hermaphroditism) is a histological diagnosis 
based on the presence of both ovarian and 
testicular tissue in the individual. Internal and 
external phenotype varies, but the most 
frequent karyotype is 46,XX. 


Also, other disorders have been of 
importance to define the process of sexual 
differentiation, thereby identifying key genes 
(Table 23.1). Mutations in any of these genes 
lead to different disorders of sexual 
differentiation. 


Normal sex determination and differentiation 


Male sexual differentiation can be defined 
as three different developmental stages: 


1. Fetal period. 
2. Neonatal period and infancy. 


3. Puberty and adulthood. 
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Fig. 23.1: Schematic events in the embryology of male sex development. 


Fetal Period 


The events in fetal male sex development, 
related to gestational age, are shown in fig. 
23.1. 


Sex determination and differentiation 
comprise a cascade of events in the developing 
embryo, beginning with the establishment of 
chromosomal sex, which is defined by the 
inheritance of an X or a Y chromosome from 
the father. Human embryos with either 46,XX 
or 46,XY karyotype develop identically for the 
first six weeks of gestation, both being 
endowed with bipotential primordial gonadal 
tissue, two sets of internal genital ducts 
(Wolffian and Miillerian), and undifferentiated 
external genitalia. 


In the presence of a Y chromosome, male 
gonadal sex is established. After formation of 
the testes, male sex differentiation proceeds 
under the control of hormones produced by the 
fetal testis. 


Neonatal period and infancy 


In newborn boys, there is a significant 
activation of the hypothalamic-pituitary 
testicular axis. At the age of two to three 
months, the serum levels of gonadotropins, 
testosterone, and inhibin B are approaching 
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pubertal levels, but fall to non-measurable 
concentrations after a few months and remain 
at this low level until the initiation of puberty. 
The physiological background for such 
endocrine activity in neonatal boys is still 
unclear. However, a significant increase in the 
number of Sertoli cells was found to occur in 
the human testis during the first three months 
of life. 


Puberty and Adulthood 


Puberty is characterized by an increase in 
growth rate and the appearance of striking 
somatic sex differences. The first sign of male 
puberty is growth of the testes above the 
infantile size of 2 to 4 mL, increasing 
gradually to the normal adult size of 15 to 30 
mL each. This testicular growth is primarily 
due to Sertoli cell proliferation and subsequent 
initiation of spermatogenesis. The period of 
pubertal development is characterized by 
significant increase in serum levels of 
gonadotropins, inhibin B, and testosterone. 
Initially, this increase may be difficult to 
detect since it is not constant, but rather 
manifests as short peaks, mainly during the 
sleeping period. It is still unclear which factors 
are triggering the pubertal development that in 
normal boys is initiated between the age of 10 
and 14 years. 


Table 23.1: Classification of disorders of sex development. 


Sex chromosome DSD 


46,XY DSD 


46,XX DSD 


A. 45,X (Turner syndrome 
and variants) 


B. 47,XXY (Klinefelter 
syndrome and variants) 


C. 45,X/46,XY (mixed 
gonadal dysgenesis, 
ovotesticular DSD) 


D. 46,XX/46,XY 
(Chimeric, ovotesticular 
DSD) 


A. Disorders of gonadal (testicular) 
development 

e Complete or partial gonadal dysgenesis 
(SRY, SOX9, SF1, WTI DAXI dupl, WNT4 
dupl) 

e Gonadal/testis regression 

e Ovotesticular DSD 

B. Disorders of androgen synthesis and action 
1. Disorders of androgen synthesis 

e Leydig cell hypoplasia, aplasia (LHCGR 
defects) 

e Congenital lipoid adrenal hyperplasia 
(StAR) 

e Cholesterol side-chain cleavage enzyme 
deficiency (CYPI1AI) 

e 170-hydroxylase/17,20-lyase deficiency 
(CYPI7A1) 

3B-hydroxy-steroid dehydrogenase 2 
(HSD3B2) 

e 17B-hydroxy-steroid dehydrogenase 
deficiency (HSDI7B3) 

e 5a-reductase 2 deficiency (SRD5A2) 

e P450 oxidoreductase deficiency (POR) 

e Smith-Lemi-Opitz syndrome (DHCR7) 

2. Disorders of androgen action 

e Androgen insensitivity syndrome (AR 
receptor mutation) 

¢ Drugs and environmental modulators 

C. Other 

e Persistent Miillerian duct syndrome (AMH 
and AMHR) 

e Vanishing testis syndrome 

e Congenital hypogonadotropic hypogonadism 
(DAX1) 

e Cryptorchidism (INSL3, LGR8) 

e Isolated hypospadias (CX Orf6) 


e Syndromic associations of male genital 
development (e.g., cloacal anomalies, 
Robinow, Aarskog, hand-foot-genital, 
popliteal pterygium) 


A. Disorders of gonadal 
(ovarian) development 

e Gonadal dysgenesis 

e Testicular DSD (SRY, SOX9 
dupl, RSPOT) 

e Ovotesticular DSD 


B. Androgen excess 

1. Fetal 

e 21-hydroxylase deficiency 
(CYP21A2) 

e 3B-hydroxy-steroid 
dehydrogenase 2 (HSD3B2) 
° 11B-hydroxylase deficiency 
(CYPIIBD 


e P450 oxidoreductase 
deficiency (POR) 

2. Fetoplacental 

e Aromatase deficiency (CYP 
19) 

e Oxidoreductase deficiency 
(POR) 

3. Maternal 

e Maternal virilizing tumors 

e Androgenic drugs 


C. Other 

e Müllerian agenesis / 
hypoplasia (e.g., MURCS) 

e Vaginal atresia (McKusick- 
Kaufman syndrome) 

e Uterine abnormalities (e.g., 
MODY 5) 

e Labial adhesions 

e Syndromic associations (e.g., 
cloacal anomalies) 


Abbreviation: DSD, disorders of sex development; SRY, sex-determining region of the Y chromosome; 
SOX9, SRY-related HMG-BOX gene 9; SF1, steroidogenic factor 1; WT1, Wilms tumor 1; DAX1, DSS- 
AHC critical region on the X chromosome, gene 1; Wnt4, wingless-type integration site family member 4; 
MMTV, mouse mammary tumor virus; StAR, steroidogenic acute regulatory protein; SRD, steroid reductase; 
AR, androgen receptor; AMH, anti-Müllerian hormone; AMHR, anti-Müllerian hormone receptor; INSL3; 
LGR8, luceine-rich repeat-containing C protein-coupled receptor 8; dupl, duplicated; RSPO1, roof plate- 
specific spondin family, member 1; LHCGR, luteinizing hormone/choriogonadotropin receptor; DHCR7, 
delta-7-sterol reductase; MURCS, Miillerian duct aplasia, unilateral renal aplasia, and cervico-thoracic somite 
dysplasia; CXOrf6, chromosome X opening reading frame 6; MODYS, maturity-onset diabetes of the young, 


type 5. 
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Testosterone, which increases more than 
20-fold plays a crucial role for the 
development of secondary sex characteristics, 
stimulating growth of muscles, bone, and 
penis as well as facial, body, and pubic hair. In 
hypogonadal individuals, all 
characteristics with the only exception 
testicular growth can be evoked by use 
testosterone only. However, increase 
gonadal size requires a concerted action 
androgens and gonadotropins. 


Disorders of male sex determination and 
differ entiation 


Embryonic sex determination and 
differentiation results from a cascade of events 
involving proteins that are encoded by 
autosomal as well as sex chromosomal genes. 
Mutations in any of these genes can result in 
aberrant sex differentiation. An outline of the 
genes expressed in male sex development is 
given in fig. 23.2. 


Defects in testis determination 
SRY 


SRY (sex-determining region of the Y 
chromosome) is the initial factor that starts the 
cascade of events that differentiates the 
bipotential gonad to testis leading to a normal 
male genital differentiation. The gene is 
located on the short arm of the Y chromosome 
and functions as a transcription factor. A lack 
of normal SRY function always leads to a 


complete gonadal dysgenesis with streak 
gonads. Recent studies have revealed that 
mutations or deletions of the SRY gene occur 
in two of three patients with the complete 
form of XY gonadal dysgenesis. This 
condition is associated with a substantial risk 
of gonadal tumors. However, all other 
stigmata are lacking. In addition, 
approximately 80% to 90% of all XX males 
have an SRY gene translocation, usually to the 
X chromosome. 


SFI 


SF1 (steroidogenic factor 1), also known 
as adrenal 4-binding protein (Ad4BP), is an 
orphan receptor and a member of the nuclear 
receptor superfamily, which like other 
members of this family regulates transcription 
of target genes. SF1 plays a direct role in 
regulating genes involved in sexual 
differentiation, reproduction, and steroido- 


genesis by regulating the expression of 
steroidogenic enzymes involved in the 
production of testosterone. In males, SF1 
participates in sexual development by 


regulating expression of AMH. Mutations 
have been reported in karyotypic males with a 
spectrum of phenotypes ranging from adrenal 
and gonadal failure at the most severe end of 
the spectrum to mild gonadal dysgenesis and 
impaired virilization with normal adrenal 
function at the other end. 
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Fig. 23.2: Outline of male sex determination and differentiation with key genes, where clinical 
investigation may lead to mutation analysis. Gene abbreviations are defined in the text. 
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WTI 


WT1 (the Wilms tumor) gene was 
initially identified because of its role in Wilms 
tumor or nephroblastoma, a pediatric kidney 
tumor. This gene was identified to cause 
Denys-Drash syndrome. This unusual 
syndrome consists of early renal insufficiency 
due to mesangial sclerosis, gonadal 
dysgenesis, and Wilms tumor. In boys the 
syndrome is more easily recognized because 
of the male pseudo-hermaphroditism caused 
by the gonadal deficiency. 


SOX9 


SOX9 (SRY-related HMG-BOX gene 9) 
is an autosomal gene situated on chromosome 
band 17q24. One of the earliest effects of SRY 
expression is to induce upregulation of SOX9 
gene expression in the developing gonad. 
Mutations of this gene cause s skeletal 
dysplasia, with characteristically bent limbs, in 
combination with a total or a partial gonadal 
dysgenesis in 75% of all XY females. 


DSS 


Dosage-sensitive sex reversal (DSS) 
refers to a region on the X chromosome (p21- 
22), containing, the DAX1 gene, which has 
been duplicated in some 46,XY females. The 
existence of an X-specific gene involved in 
human sex determination was first identified 
when present in duplicate, resulted in male- 
to-female sex reversal. This region is 
normally thought to be X-inactivated since 
47,XXY and 48,XXXY individuals are 
phenotypic males, whereas in DSS subjects, 
who have two active copies of the region, the 
function of SRY is overridden and testes 
development fails. 


DAXI 


DAX1 (DSS-AHC critical region on the 
X chromosome, gene 1) derives its name from 
its dual pathologic role in humans, that is, the 
DSS syndrome and adrenal hypoplasia 
congenita (AHC). AHC is a disease of the 
adrenal cortex and lethal if left untreated 
because of dehydration and electrolyte 
imbalance. Loss of DAX1 results in adrenal 
hypoplasia and hypogonadotropic hypo- 
gonadism and increased DAX1 lead to 
dosage-sensitive sex reversal and a female 
phenotype or ambiguous genitalia in XY 
genotypic males. 
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Wnt4 


Wnt4 is “wingless-type MMTV 
integration site family, member 4”. The Wnt 
gene family consists of structurally related 
genes encoding proteins that act as 
extracellular signalling factors. A role is 
present for Wnt4 in the development and 
maintenance of the female phenotype in 
women. Mutation in this gene leads to female- 
to-male sex reversal. 


AMH 


AMH is produced from the testicular 
Sertoli cells at seven to eight weeks of 
gestation, when the testis has recognizable 
tubules. High ipsilateral concentrations of 
AMH and testosterone lead to Miillerian duct 
regression, which would otherwise 
differentiate into the uterus and fallopian 


tubes, and Wolffian duct preservation, 
respectively. 
SRDSA2 

SRD5A2 (steroid- S5oa-reductase 2) 


converts testosterone to the more potent 5a- 
dihydrotestosterone (DHT) in target organs; 
external genitalia (scrotum and penis) as well 
as the prostate gland. Deficiency of DHT, 
consequently leads to an insufficient male 
development of external organs but with 
normal male internal genitalia. The condition 
is an autosomal recessively inherited form of 
male pseudo-hermaphroditism. 


The remaining physical stigmata in 
affected individuals even after puberty is a 
small prostate gland, less body hair, lack of 
acne, and a female frontal hairline Because of 
an underdevelopment of the prostate gland, 
this disorder almost always leads to male 
infertility. These patients will subsequently 
have a high  testosterone/DHT ratio, 
accentuated after hCG-stimulation test that can 
be used for diagnostic purposes together with 
mutation analysis. 

Defects in androgen biosynthesis and action 

The immediate precursor of the gonadal 
steroids, as well as with the adrenal steroids, is 
cholesterol. 

The conversion of cholesterol to 
testosterone requires the action of five 
enzymes: (1) 3B-hydroxy-steroid dehydro- 
genase (3B-HSD); (2) A°“-isomerase; (3) I7a- 
hydroxylase; (4) C729 lyase; and (5) 17B- 


hydroxy-steroid dehydrogenase (17B-HSD). 
The rate-limiting step, as in the adrenals, is 
cholesterol side-chain cleavage. Mutations in 
the side-chain cleavage enzyme have never 
been identified, but instead in the associated 
steroidogenic acute regulatory (StAR) protein, 
which facilitates transport of cholesterol from 
the outer to the inner membrane of 
mitochondria. 


StAR 


StAR plays a crucial role in the transport 
of cholesterol from the cytoplasm to the inner 
mitochondrial membrane, facilitating its 
conversion to pregnenolone. Its essential role 
in steroidogenesis was demonstrated after 
observing that StAR gene mutations gave rise 
to the potentially lethal disease lipoid CAH, 
in which virtually no steroids are produced. 
Patients with lipoid CAH had classical 
clinical presentations of normal female 
external genitalia in both genetic sexes, with 
severe glucocorticoid and mineralocorticoid 
deficiency presenting in the first month of 
life. 


3B-HSD 


3B-HSD isoenzymes are essential for the 
formation of progesterone, the precursor 
hormone for aldosterone, and 17-hydroxy- 


progesterone (17-OHP), the precursor 
hormone for cortisol in the adrenal cortex. It is 
also essential for the formation of 


androstenedione, testosterone, and oestrogen 
in the adrenals and gonads, thus catalyzing a 
step in the formation of all classes of active 
steroid hormones. In humans, there are two 
3B-HSD isoenzymes, which were 
chronologically designated type I and I 
encoded by the HSD3B1 and HSD3B2 gene, 
respectively. 


3B-HSD, type II deficiency, is responsible 
for a rare form of CAH causing various 
degrees of salt wasting in both sexes and 
incomplete masculinization of the external 
genitalia in genetic males. Salt loss is a 
frequent cause of death. A milder, non-classic 
variant of 3B-HSD deficiency has also been 
reported to be the cause of premature sexual 
hair growth in many young children and of 
hirsutism and menstrual disorders in a great 
number of adolescent and young women. 
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17£-HSD Type 3 


17B-HSD type 3 (17B hydroxy-steroid 
dehydrogenase) is the last enzyme during the 
synthesis pathway from androstenedione to 
testosterone in the fetal testes. HSD17B3 
deficiency is an autosomal recessive disorder 
that manifests in males as under- 
masculinization characterized by hypoplastic 
to normal internal genitalia (epididymis. vas 
deferens, seminal vesicles, and ejaculatory 
ducts), but female external genitalia and the 
absence of a prostate. This phenotype is 
caused by inadequate testicular synthesis of 


testosterone, which, in turn, results in 
insufficient formation of 5a-dihydro- 
testosterone in the developing external 


genitalia and prostate during fetal life. At the 
expected time of puberty, there is a marked 
increase in plasma luteinizing hormone (LH) 
and consequently in testicular secretion of 
androstenedione. Hence, a diagnostic hallmark 
of this disorder is a decreased plasma 
testosterone-to-androstenedione ratio. 


LH 


During the critical period of sex 
differentiation, testosterone secretion by the 
Leydig cells is initially autonomous and 
thereafter, controlled by maternal chorio- 
gonadotropin [human chorionic gonadotropin 
(hCG)]. After establishment of the pituitary- 
gonadal axis, this task is accomplished by LH. 
Leydig cell hypoplasia is a disorder 
characterized by defect or even absent Leydig 
cells in the testes, resulting in a low rate of 
production or absence of testosterone and 
DHT, generally in combination with elevated 
levels of LH. In some individuals with Leydig 
cell hypoplasia, inactivating mutations were 
detected in the gene encoding the gene for LH. 
In other patients inactivating mutations of the 
LH receptor, through which both hCG and LH 
are signaling, were found. An inactivating 
mutation in the LH receptor of a 46,XY 
individual can result in phenotypes, ranging 
from completely female external genitalia to 
mildly affected individuals. A different form 
of mutation of the LH receptor gene is 
associated with male-limited, familial, 
gonadotropin independent form of precocious 
puberty (testotoxicosis). The mutation resulted 
in a constitutively active LH receptor, which 
in turn yielded in continuous stimulation of 
Leydig cells in the absence of LH. 


AR 


The androgen insensitivity syndrome 
(AIS), a disorder of male sexual 
differentiation, is by far the most common 
identifiable cause of male disorder of sex 
differentiation. AIS is an X-linked recessive 
disorder, only affecting individuals having a 
46,XY karyotype and caused by an absent or 
dysfunctional androgen receptor (AR). The 
phenotype encompasses a wide spectrum of 
genital ambiguities from completely female 
phenotype to slightly under-virilized males. 
Both testosterone and DHT bind to the AR 
and consequently, any defect in the AR gene 
will in the most severe cases, with complete 
AIS (CAIS) lead to female external 
appearance, including female external 
genitalia. Generally, normal but immature 
testes are present and as differentiation of the 
embryonic Wolffian ducts occur in response to 
androgens, Wolffian ducts are absent in 
individuals with CAIS. Miillerian ducts are 
usually also absent, as AMH action in the 
fetus is normal. Usually affected subjects lack 
pubic and auxiliary hair as well. 


At puberty, the androgen resistance 
results in high LH level in the circulation and 
subsequently increased testosterone level. 
Testosterone is in turn peripherally aromatized 
to oestradiol, which in individuals with AIS is 
observed as normal breast development and 
feminization of the body contours. Patients 
with CAIS come under medical attention at 
various stages of life, a few being diagnosed 
soon after birth and some with development of 
inguinal hernia containing a testis during 
infancy. A portion of individuals, undiagnosed 
throughout childhood, present after puberty 
with primary amenorrhoea. 


In the partial form of AIS (PAIS), the 
genital phenotype in affected individuals 
varies widely, from predominantly female 
appearance (cases with female external 
genitalia and development of pubic hair in 
puberty, or with slight labial fusion and/or 


mild clitoromegaly) to subjects with 
ambiguous genitalia, or cases with 
predominantly male phenotype. Wolffian 
duct-derived structures may be fully 


developed or rudimentary in partial form of 
AIS, dependent on residual androgen activity. 
Thus, the epididymides, vasa deferens, and 
seminal vesicles may develop to a variable 
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extent, from rudimentary to fully formed. At 
puberty, in general, the degree of feminization 
is less as compared to individuals with CAIS. 


Diagnosis of AIS relies in demonstration 
of a 46,XY karyotype and functional testes, 
which are able to synthesize and metabolize 
androgens normally. Once a CAIS diagnosis 
has been made, the gonads often are removed, 
if possible before puberty, because of risk of 
malignancy. 


Classification of disorders of 


development 


Sex 


In 2006, a new classification system for 
what previously was called intersex disorders 
was proposed by the Lawson Wilkins 
Pediatric Endocrine Society (LWPES) and the 
European Society for Pediatric Endocrinology 
(ESPE). The term disorders of sex 
development (DSD), defined as congenital 
conditions in which development of 
chromosomal, gonadal, or anatomical sex is 
atypical was proposed to replace the term 
intersex. A new nomenclature for classifying 
different forms for DSD was also suggested. 
In the new nomenclature, the karyotype is 
used to prefix the category of DSD and the 
disorders have been divided into three 
categories: 46,XY DSD, 46,XX DSD, and sex 
chromosomal DSD, which are replacing the 
former terminology that included male and 
female pseudo-hermaphroditism and true 
hermaphroditism (Table 23.1). 


Clinical assessment 


Disorders of male sex development 
comprise a heterogeneous group of conditions. 
The modes of presentation are diverse. 
Patients can come to attention at birth, 
presenting with 


a. 
b. 


ambiguous genitalia; 


severe hypospadias, with or without 
undescended testes, micropenis or bifid 
scrotum; 


. un-descended testis with otherwise normal 
male development; 


. female infant with inguinal hernia; 


e. genital anomalies associated with other 
syndromes. 
Presentation in puberty includes 


virilization of a female, delayed or incomplete 
pubertal development, primary amenorrhea, 


and gynecomastia. In adults, hypogonadism 
and infertility are common modes of 
presentation. 


Examination 


A detailed family history and information 
about potential exposure to exogenous and 
endogenous androgens and estrogens are 
needed. Physical examination should record 
the palpable gonads and their position, phallic 
size, site of the urethral opening, one or two 
openings on the perineum, development of 
labioscrotal folds, and other anomalies. 


Laboratory studies 


The initial management of a child with 
ambiguous genitalia is focused on establishing 
a diagnosis allowing early sex assignment. 
Many schedules for laboratory investigations 
and imaging of the newborn infant with 
ambiguous genitalia have been presented. A 
range of investigations are usually performed 
as initial diagnostic work-up (Table 23.2). In 
most cases, these investigations lead to a 
functional diagnosis and allow early sex 
assignment. 


Abbreviations: FISH, fluorescent in situ 
hybridization; SRY, sex-determining region of 
the Y chromosome; DHT, 5a-dihydro- 
testosterone; LH, luteinizing hormone; FSH, 
follicle-stimulating hormone; AMH, anti- 
Miillerian hormone; hCG, human chorionic 
gonadotropin; MRI, magnetic resonance 
imaging. 


In complete androgen insensitivity, there 
is no doubt regarding the gender of the child at 
birth since the child has female external 
genitalia. However, in children with disturbed 
sex differentiation and when there is a 
mismatch between genotype and phenotype, 
the management of these patients requires a 
multidisciplinary practice provided to the 
patient from birth to adulthood. 


First line testing includes the following: 


1. Karyotyping with fluorescent in situ 
hybridization (FISH) using an X chromosome 
centromeric probe and probe for the SRY 
gene. A full karyotype is also needed to 
confirm the results from the FISH analysis and 
to rule out mosaicism. 


2. Measurement of 17OH-progesterone is a 
reliable test for 21-hydroxylase deficiency and 
is mandatory in the initial investigation, 
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especially in children without palpable 
gonads. The most common cause of 
ambiguous genitalia is congenital adrenal 
hyperplasia due to 2l-hydroxylase deficiency, 
resulting in virilization of female infants. 


3. In children with XY or XY/XO karyotypes, 
further investigations aim to assess the 
presence of testes and if present, their 
localization and function. 


4. A central test to evaluate the gonads’ 
capacity to secrete androgens is the hCG test, 
in which Leydig cells are stimulated with hCG 
(1500 IU, IM, daily for three consecutive 
days). Testosterone, androstenedione, and 
DHT are analyzed before start of and 24 hours 
after the last hCG injection. A 2- to 10-fold 
increase in testosterone is expected. If there is 
no response to this short hCG, test, a 
prolonged test over three weeks (1000 IU, IM, 
twice weekly) can be performed. A 
testosterone to androstenedione ratio of less 
than 0.8 after hCG stimulation indicates 7B- 
hydroxy-steroid dehydrogenase deficiency. A 
24-hour urine output collection after the hCG 
test can be performed for a urinary steroid 
profile and used for the diagnosis of 5a- 
reductase deficiency, but is not helpful in the 
diagnosis of 17B-hydroxy-steroid dehy- 
drogenase deficiency. 


5. Sertoli cell function can be assessed by 
measurements of AMH and inhibin B. Both 
proteins are elevated in serum during infancy. 
AMH levels are increased in children with 
androgen insensitivity but low in disorders 
with gonadal dysgenesis. An undetectable 
value of AMH and inhibin B indicates 
anorchia. 


6. Imaging with ultrasound and magnetic 
resonance imaging is used to elucidate the 
internal genital anatomy. In addition, 
laparoscopy with gonadal biopsies is in a large 
proportion of cases required for diagnosis. 


Management 


Management of children and adolescents 
with DSD is complex and includes, 
establishment of a functional diagnosis 
allowing sex assignment, surgical correction 
of genital anomalies such as hypospadias and 
undescended testes, extirpation of gonads at 
risk for development of gonadal tumors, 
hormone replacement therapy during puberty 
and adulthood, and treatment of infertility. 


Table 23.2: Investigations used in the clinical assessment of children with ambiguous genitalia. 


Laboratory investigations 
Genetics 
FISH with X centromeric and SRY probes 
Karyotype 
Mutation analysis 


Endocrine 


170H-progesterone, 11 deoxy-cortisol, renin, electrolytes, cortisol 


Testosterone androstenedione, DHT 
LH, FSH 
AMH, inhibin-B 
hCG stimulation test 
24-hour urinary steroids 
Imaging 
Pelvic ultrasound 
MRI 
Other 
Cysto-urethroscopy 
Laparoscopy with gonadal biopsies 


Genital skin biopsies 


The management of these patients 
requires a multidisciplinary practice provided 
to the patient from birth to adulthood. A 
multidisciplinary team managing children and 
adolescents with DSD optimally includes an 
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experienced pediatric endocrinologist, 
pediatric surgeons, and/or urologist, 
gynecologist, psychologist, geneticist, and 
social care. 


Section 5: Other male sexual disorders 


Chapter 24: Disorders of sexual maturation 


Micropenis 
Definition 


A micropenis is a normally formed but 
abnormally short male organ occurring in a 
person with 46XY karyotype and without 
hypospadias or ambiguous genitalia. Like a 
normal penis the micropenis has a glans, 
corpora, and a urethra of adequate caliber 
which opens normally at the tip of the glans. 
The scrotum is normally formed but may be 
underdeveloped. 


Unlike a normal penis the micropenis has 
a stretched length of less than 2.5 standard 
deviations below the mean for age. In a 0-5 
month-old infant this represents a penile 
length of 1.9 cm or less (Table 24.1). The 
width of the micropenis is also concomitantly 


Table 24.1: Stretched penile length in normal males. 


reduced so that overall penile proportions 
remain essentially normal. 


Penile differentiation and development 


Penile morphogenesis and subsequent 
growth during fetal life are both dependent 
upon testosterone secreted by fetal testes 
under the influence of gonadotropins. During 
the differentiation period up to the 14" week 
the testes are stimulated to secrete testosterone 
by HCG derived from the placenta. HCG 
levels begin to rise by 8 weeks of gestation 
and reach a maximum concentration by 14 
weeks, rapidly decreasing thereafter. In later 
fetal life growth of the penis is dependent 
upon testosterone secreted under the influence 
of fetal pituitary LH which begins rising by 15 
weeks of fetal life reaching a plateau by 25 
weeks. 


Age Mean+ SD (cm) Mean-2.5 SD (cm) 
(Normal length) (micropenis) 

Fetal 

30 Weeks 2.5 + 0.4 1.5 

34 Weeks 3.0 + 0.4 2.0 

New born 3.5 + 0.4 25 

0-5 Months 3.9 + 0.8 1.9 

6-12 Months 4.3 + 0.8 2.3 

1-2 Years 4.7 + 0.8 2.6 

2-3 Years 5.1 + 0.9 2.9 

3-4 Years 5.5 + 0.9 3.3 

4-5 Years 5.7 + 0.9 3.5 

5-6 Years 6.0 + 0.9 3.8 

6-7 Years 6.1 + 0.9 3.9 

7-8 Years 6.2 + 1.0 3.7 

8-9 Years 6.3 + 1.0 3.8 

9-10 Years 6.3 + 1.0 3.8 

10-11 Years 6.4 + 1.1 3.7 

Adult 13.3 + 1.6 9.3 


[221] 


The greatest phallic growth occurs 
between 14 weeks of fetal life and 6 months of 
postnatal life. The rate of penile growth during 
fetal life is about 3.5 times greater than that of 
the clitoris and reaches about 3.5cm at full 
term. Penile growth, which is testosterone 
dependent, continues during infancy and 
childhood in spite of falling levels of this 
hormone. During the first 2 years of life the 
penis grows an average of 1.5 cm and during 
the next 9-10 years it will grow approximately 
the same amount. Penile growth will increase 
significantly once puberty begins and LH and 
testosterone levels increase. 


Etiology 


Patients with micropenis may be 
classified into those with endocrinological 
failure and those with no _ endocrinopathy 
(idiopathic). Similar lines of treatment are 
used for both groups but the clinical findings 
and prognosis are different. 


Idiopathic micropenis: These patients 
have normal testes and hormones, multiple 
congenital anomalies (e.g. poly-dactylism, 
high arched palate), and erection and 
ejaculation are possible in adulthood. 


Micropenis with endocrinopathy: These 
patients generally have a more severe deficit 
with little corpora, bilateral cryptorchidism is 
usually present or the testes are small and 
poorly developed, and a hormonal abnormality 
is present. 


Testosterone deficiency: This may be 
due to hypogonadotropic hypogonadism 
(Kallmann’s syndrome, isolated LH 
deficiency, Prader-Willi syndrome, Rud’s 
syndrome) or hypergonadotropic hypo- 
gonadism (absent testes syndrome, some 
patients with Klinefelter’s syndrome, 
Robinow’s syndrome). 


Partial androgen insensitivity: A rare 
cause of micropenis as ambiguous genitalia 
are far more common with this disorder. 


Dwarfism: Micropenis is also seen in 
boys with dwarfism due to isolated deficiency 
of pituitary growth hormone as this hormone 
is also necessary for penile growth. 


Progesterone: Some causes of micropenis 
are due to progesterone administration to the 
mother during the first trimester of pregnancy 
leading to inhibition of the fetal testis. 
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Diagnosis 


It is important to assess the development 
of penile corpora and measure accurately the 
penile length to decide management which 
would be either giving treatment of a 
micropenis or otherwise female sex 
assignment. Proper decisions and better results 
are obtained the earlier the case is seen and the 
optimal age is during infancy. 


Penile length is measured by a ruler 
which should be pressed against the pubis, 
depressing the supra-pubic fat pad as much as 
possible. The penis should be fully stretched 
and measured along its dorsum from base of 
the shaft to the tip of the glans. It is crucial 
not to misinterpret a small, normal penis 
buried in supra-pubic fat (pseudo- 
micropenis) as a micropenis and thereby 
subject the child to unnecessary diagnostic 
tests and/or therapy. 


Patients with micropenis require a 
thorough evaluation of pituitary function. This 
includes measurement of gonadotropins as 
well as other pituitary hormones to rule out 
hypopituitarism. Evaluation of the integrity of 
the hypothalamic-pituitary axis is done by an 
intravenous test with LHRH (100ug/bolus). If 
pituitary hormones are normal then evaluation 
of the testes is indicated. This is done by 
giving HCG, 1500 to 3000 units/M? body 
surface area/dose, three times weekly for 3 
weeks and measuring the plasma testosterone 
at 0, 7, 14, and 21 days. An increase of 
testosterone approaching normal adult values 
is considered a normal response. If 
hypogonadism exists, karyotyping is indicated 
to rule out Klinefelter’s syndrome. 


Receptor organ failure can be excluded by 
determining the response of preputial cells in 
tissue culture to hormonal stimulation or, more 
simply, by local application to the penis of 5% 
testosterone cream 3 times daily as a 
therapeutic test; significant penile growth 
should be obvious within 2-3 weeks. 


Differential diagnosis 


True micropenis, which is rare, should be 
differentiated from the more commonly 
encountered pseudomicropenis. The latter is 
usually due to a buried penis in obese boys 
with a well developed prepubic fat pad, or 
sometimes due to a concealed penis resulting 
from abnormal skin attachments. Retraction of 


the foreskin and depression of the prepubic fat 
reveals a penis of proportions adequate to the 
patient’s age with well developed corpora. The 
parents should be reassured. 


Treatment 
Testosterone therapy 


Penile growth may be obtained by the use 
of systemic testosterone. Topical 5% 
testosterone cream is not recommended, 
although it has been used successfully, since it 
acts through systemic absorption and the 
absorbed amount is unpredictable. Infants 
receive 25mg (older children 50mg) of 
testosterone enanthate or cypionate deep 
intramuscularly monthly for 3 months. 
Success is measured by an increase in penile 
length to within 2.5 standard deviations of the 
mean. If an increase occurs but is not 
satisfactory, a second course of testosterone 
may be given. After cessation of treatment, 
penile size may decrease slightly. If necessary, 
additional courses of testosterone therapy may 
be given throughout childhood to maintain a 
normal penile size for age. At adolescence, 
further treatment with 200 mg of testosterone 
monthly may need to be given for life, unless 
there is evidence of spontaneous puberty. 


Side effects are minimal. Infants may 
have a transient increase in growth velocity 
and bone age; this quickly subsides once 
therapy is completed. There is no evidence 
that eventual adult height is compromised or 
that significant secondary sex characteristics 
develop. 


While increase in penile size during 
boyhood is important psychologically, it 
appears likely that early hormonal treatment 
merely anticipates potential future growth and 
that in adult life the dimensions of the penis 
will still be below normal. The prognosis for 
adequate growth is directly related to the 
degree of testicular development on clinical 
grounds. 


Surgical treatment 


Significant lengthening of the penis can 
be obtained surgically by partially detaching 
the penile crura from the pubo-ischial rami 
and shifting to organ ventrally. 


Sex reversal 


It is advisable to rear the newborn as a 
female in the following conditions: 
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e A malformed penis with no identifiable glans 
or corpora. 


e If testosterone therapy does not produce 
significant penile response. 


e Micropenis due to partial androgen 
insensitivity. 
Such a decision requires detailed 


discussions with and the informed consent of 
both parents. Sex reversal surgery must be 
initiated as soon as possible and preferably 
before the infant is 6 months of age. Sex 
reversal after 2 years is possible, although the 
prognosis for healthy psychosexual 
development decreases with progressive age 
as functional genitalia are essential for 
psychosexual identification. 


During surgical reconstruction penile size 
is reduced, the urethra is relocated to the 
perineum, the labioscrotal folds are separated 
and the testes are removed. Once the child 
reaches adolescence, estradiol is given and 
vaginal reconstruction is performed. 


Prognosis 


In some patients, a micropenis that 
responds to testosterone treatment by growth 
during infancy, the penis can enlarge further 
during adolescence, to reach an acceptable 
adult size and functions normally. However, in 
most of the patients with micropenis who go 
to adult life, their penis will be below normal 
in both length and diameter. In such cases an 
understanding wife and sexual counseling may 
prevent uncomfortable sexual encounters that 
could result in a sense of sexual inadequacy 
with subsequent psychogenic ED. 


Cryptorchidism 
Classification 


Cryptorchidism is the most common dis- 
order of sexual development in man. The 
term means hidden testis and refers to the 
absence of a testis from the scrotum, either 
unilaterally or bilaterally. Cryptorcbidism can 
be classified according to the location of the 
testis into 3 types: retractile testis (pseudo- 
cryptorchidism), ectopic testis (mal-descended 
testis), and undescended testis (true 
cryptorchidism). 


Retractile testis 


Testicular retraction (temporary ascent to 
the groins or inguinal canal) is a normal 


phenomenon is boys because the cremasteric 
reflex is hyperactive during childhood. 
Stimulation of this reflex by cold, fear, or 
grasping of scrotum leads to brisk cremasteric 
contractions which raise the fully descended 
testes from the scrotum. Retracted testes can 
be manipulated back to the scrotum. 
Retractability is most apparent between the 
fifth and sixth years of age, thereafter gradual 
decline occurs until at puberty it ceases and 
the testes take up a permanent scrotal 
position. Retractile testes suffer no damage 
from their frequent sojourns above the 
scrotum and in adult life their spermatogenic 
function is normal. 


Ectopic testis 


On rare occasions, the testis may migrate 
from its normal pathway of descent between 
the abdominal cavity and the bottom of the 
scrotum and become located in an ectopic 
position. There are five major sites of 
testicular ectopia (1) the perineum, (2) the 
femoral canal (3) the superficial inguinal 
pouch. (4) the supra-pubic area, and (5) the 
opposite scrotal compartment. 


Testicular ectopia is believed to be 
directly related to the development of the 
gubernaculum. This is known to be divided 
into five branches, one going to the 
aforementioned areas. The scrotal area 
normally contains the bulk of the guber- 
naculum, and the testis normally follows this 
path during descent. It has been suggested that 
when one of the other branches contains the 
bulk of the gubernaculum, the testis is 
misdirected from its normal pathway of 
descent into the ectopic location. 


The most common ectopic location is in 
the superficial inguinal pouch of Denis 
Browne, which is a subcutaneous pocket lined 
by thin fibrous tissue situated in front of and 
lateral to the external inguinal ring. Transverse 
testicular ectopia, in which both testes are in 
the same scrotal compartment, is the rarest of 
all ectopic conditions but should be considered 
in any patient with an empty hemiscrotum and 
an additional mass in the contralateral 
hemiscrotum. Unlike the undescended testis, 
the ectopic testis is not associated with an 
open processus vaginalis. 


Undescended testis 


The testis is incompletely descended and 
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is located somewhere along its normal route 
of descent and may be, in order of 
increasing frequency: 


Intra-abdominal: Testis is located inside 
the internal inguinal ring. 


Intra-canalicular: Testis is located within 
the inguinal canal between the internal and 
external inguinal rings. 


Emergent: Testis is located between the 
external inguinal ring and the top of the 
scrotum. 


The undescended testis usually lies within 
a patent processus vaginalis. 


Incidence 


The incidence of undescended testis is 
approximately 2.7% at birth in full-term 
infants and 21% in premature infants. 
Approximately 75% of full term cryptorchid 
testes and up to 95% of premature 
cryptorchid testes will spontaneously descend 
by I year of age. Most of these descending 
testes do so within the first 6 months after 
birth. This is attributable to the postnatal surge 
of gonadotropins and testosterone that 
normally occurs between the first and fourth 
months of life. Spontaneous complete descent 
of the testis after the first year of age is very 
uncommon as the reported incidence of 0.8% 
cryptorchidism at this age is similar to that in 
adults. If testicular descent occurs after the age 
of 1 year the testis never descends completely, 
remains relatively smaller than the 
contralateral descended testis, and suffers 
degenerative changes proportionate to its 
delay in reaching the scrotum. Later 
spontaneous descent of the testis is not 
therefore to be expected or desired. 


Ten to 25% of undescended testes are 
bilateral and the rest are unilateral. Right- 
sided undescended testes seems to be slightly 
more common than left. According to some 
studies, between 3.4% and 19% of children 
with undescended testes come from families in 
which other male relatives have had the same 
condition. 


Mechanism of testicular descent 


Normally the testes begin their descent 
toward the internal inguinal ring during the 7" 
gestational month and descent is completed 
before delivery. The testis is preceded and 
guided to its ultimate destination by the 


gubernaculum, which is attached proximally 
to the lower testicular pole, and is 
accompanied on its anterior aspect by the 
processus vaginalis. The proximal portion of 
the lumen of the processus normally becomes 
obliterated, leaving the distal part to form the 
tunica vaginalis. 


Testicular descent occurs in 2 
sequential phases, under the control of 2 
hormones. The first phase, movement across 
the abdominal to the entrance of the inguinal 
canal appears to be controlled by anti- 
Miillerian hormone (AMH). The second 
phase, in which the testis moves through the 
inguinal canal into the scrotum, is dependent 
on testosterone. Mal-development of the 
gubernaculums, or deficiency or insensitivity 
to either AMH or testosterone therefore can 
prevent the testes from descending into the 
scrotum. Some evidence suggests there may 
even be an additional paracrine hormone, 
referred to a descendin, secreted by the testes. 


Etiology 


The majority of cases of cryptorchidism 
are due to isolated simple developmental 
anomaly. Other cases, however, have different 
etiologies which may be: 


e Mechanical failure: Any interference with 
the anatomical development of the 
gubernaculum, inguinal canal, or associated 
structures can limit the descent of the testes or 
result in abnormal positioning. Peritoneal 
adhesions to spermatic vessels and short 
arteries or, less frequently, short veins or vas 
deferens can also interfere with normal 
descent. 


e Disorders of differentiation: Several of these 
disorders may be associated with 
cryptorchidism (Table 24.2). 


cryptorchidism: 
cryptorchidism in otherwise normal 
individuals has been reported, but 
cryptorchidism is usually not hereditary. 
Undescended testes may occur in brothers, 
and may affect father and sons. On the other 
hand, a number of genetic syndromes have 
been associated with cryptorchidism (Table 
24.3). 


Genetic Hereditary 


Intake of analgesics: Women taking 
paracetamol or ibuprofen during pregnancy 
had higher incidence of cryptorchid babies. 
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Associated anomalies 


Although there are about 40 syndromes in 
which cryptorchidism is associated with 
congenital anomalies (cryptorchidism with 
disorders of sex differentiation and that with 
genetic syndromes) these syndromes are very 
rare and the majority of cases of 
cryptorchidism are due to simple isolated 
developmental anomaly. 


Cryptorchidism may be associated with 
epididymal and vasal abnormalities. The 
epididymis may be extended in length, may 
undergo partial or total atresia, or may be 
totally dissociated from the testis. The same 
abnormalities may be seen with the vas 
deferens. 


Histopathology 


Histologic alterations of the cryptorchid 
testis appear by 2.5 years of age and include 
smaller seminiferous tubules, fewer 
spermatogonia, and an increase in the 
peritubular tissue. The longer a testis remains 
cryptorchid the more likely it is to be 
histologically abnormal, and the higher the 
testis resides away from the bottom of the 
scrotum, the more pronounced will be the 
histologic abnormality. While the 
seminiferous tubules are definitely altered by 
the cryptorchid state, there is conflicting 
histologic evidence as to whether the Leydig 
cells are affected. 


Electron microscopic changes have been 
reported in the cryptorchid testis as early as 
the second year of life. These changes 
include degeneration of the mitochondria, 
loss of ribosomes in both the cytoplasm and 
smooth endoplasmic reticulum, and increase 
in collagen fibres in the spermatogonia and 
Sertoli cells. Again, there is conflicting ultra- 


structural data as to whether there are 
changes in the Leydig cells. It is still 
uncertain whether the changes in the 


cryptorchid testis represent a primary defect 
or just reflect an alteration secondary to the 
cryptorchid state. Support for the idea that 
the testis itself is defective lies in the 
observation that some of the histologic 
changes may also occur in the contralateral 
scrotal testis of the unilateral cryptorchid 
male. 


Table 24.2: Disorders of sex differentiation associated with cryptorchidism. 


Item Disor der 


Chromosomal sex 


True hermaphroditism 


Gonadal sex 


Phenotypic sex 


Klinefelter’s syndrome (some patients) 


Male Noonan’s syndrome 


Male pseudo-hermaphroditism 


CAH due to defects in cortisol and testosterone synthesis 


20, 22-desmolase 


3B-hydroxy-steroid dehydrogenase 


170 -hydroxylase 


Testicular defects in testosterone synthesis 


17,20-desmolase 


17B-hydroxy-steroid dehydrogenase 


Androgen resistance 


5 a-reductase deficiency 


Androgen receptor disorders 


Testicular feminization 


Reifenstein’s syndrome 


Persistent Miillerian duct syndrome 


Leydig cell agenesis or hypoplasia 


Clinical features 


In the absence of one or both testes from 
the scrotum, differentiation must be made 
between retractile testis, ectopic testis or 
undescended testis. This differentiation 
depends clinically upon whether the testis is 
palpable or not. Palpable testis occurs in the 


following types of cryptorchidism: (1) 
retractile testis, (2) ectopic testis, and (3) 
emergent undescended testis. Impalpable 


testis occurs in intra-abdominal and intra- 
canalicular types of undescended testis and 
in congenital anorchia). Impalpable testes 
constitute about 20% of all cases of 
undescended testes. 


The retractile testis can usually be 
palpated as a rounded, mobile elevation at the 
level of the inguinal canal or external inguinal 
ring. As this is due to an overactive 
cremasteric reflex the child should be relaxed 
and examined in a warm room. 


By gentle manipulation, the testes can 
usually be brought into the scrotum. If this is 
the case, there is no need for treatment as the 
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testis will come down definitely at or before 
puberty. Retractile testes are more common 
than truly undescended. 


Ectopic testes can usually be palpated, as 
the testis is frequently superficial and the 
common sites of ectopia should be carefully 
examined. 


Differential diagnosis 


Absent testes syndrome: In the-presence 
of bilateral impalpable testes the diagnosis of 
bilateral anorchia should always be 
considered. HCG-stimulation test (2000 IU 
daily for 3 days) is used to distinguish bilateral 
anorchia from bilateral non-descent. In 
bilateral anorchia, basal gonadotropin levels 
are extremely high and there is no increase in 
plasma testosterone level by HCG 
administration. Bilateral anorchia constitutes 
about 5% of cases of bilateral impalpable 
testes and the rest of the cases is due to 
bilateral undescended testes. 


Monorchism: Unilateral anorchia can be 
diagnosed by ultrasonography or CT scanning. 


Table 24.3: Some complex genetic syndromes associated with cryptorchidism. 


Syndrome Some additional clinical features 
Kallmann Anosmia, mental retardation, other anomalies 
Aarskog Short stature, round facies, hypertelorism 


Ataxia telangiectasia 


Basal-cell nevus 
Beckwith-Wiedemann 
Crebrohepatorenal 
Cockayne 

Cornelia de Lange 


Cryptophthalmos 


Fanconi 
Goeminne 


Lenz microphthalmia 


Leopard 


Meckel 
Oculocerebral (Cross) 


Oculocerebrorenal 


Osteochondritis dissecans 


Popliteal pterygium 
Prader-Willi 

Prune belly 
Rothmund-Thomson 
Rubenstein-Taybi 
Seckel 

Silver-Russel 
Smith-Lemli-Opitz 
Van Benthem 


de Sanctis and Cacchione 


Tubular sclerosis, cerebellar ataxia, cutaneous and conjunctival 
telangiectasia, primary hypogonadism 


Basal cell nevi, cysts of jaws, skeletal anomalies 

Macroglossia, omphalocele, postnatal gigantism, neonatal hypoglycemia 
Severe hypotonia, mental retardation, multiple anomalies 

Cachectic and premature appearance, mental retardation microcephaly 
Micromelia, mental retardation 


Malformation of eyelids (skin continuous over the eyeballs), abnormal 
hairline, other anomalies 


Chronic pancytopenia, skin hyperpigmentation. short stature 
Muscular torticollis, spontaneous multiple keloids 


Microcephaly, mental retardation, short stature, skeletal and dental 
anomalies, dysplastic kidney 


Lentigines, ECG defects, ocular hypertelorism, pulmonary stenosis, 
neuro-sensory deafness 


Intrauterine growth retardation, microcephaly, CNS malformations 
Mental retardation, spastic diplopia, ocular anomalies, hypopigmentation 


Growth and mental retardation, hypotonia, metabolic diseases, congenital 
cataracts 


Osteochondritis dissecans in multiple joints, hypertelorism, ptosis, short 
fifth fingers and toes 


Popliteal pterygia, digital and oral malformations 

Obesity, short stature, hypotonia, mental retardation 

Absent abdominal musculature, renal and urinary tract anomalies 
Erythema, telangiectasia, short stature, juvenile cataracts 

Broad thumbs and great toes, mental retardation 

Mental retardation, microcephaly, dwarfism 

Congenital asymmetry, short stature, café au lait spots 

Low birth weight, microcephaly, mental retardation 

Chest deformities, muscle hypoplasia, mental retardation 


Xeroderma pigmentosum, dwarfism, mental retardation, other anomalies 


Diagnosis: 


Ultrasonography: This 
localization of intra-canalicular, but not intra- 
abdominal, un-descended testes. 


CT scanning: This is especially used to 
document the presence of intra-abdominal un- 


descended testes. 


Laparoscopy: This may be used in the 
search for the impalpable testis. 


Complications 


helpful in Neoplasia 


The undescended testis is reported to be 
35 to 48 times more likely to undergo 
neoplasia than the normal testis. 
Approximately 10% of testicular tumors arise 
from an undescended testis. An intra- 
abdominal testis is 4 times more likely to 
undergo neoplasia than an inguinal testis. 
Tumors of undescended testes occur mainly at 
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the time of puberty or after, although some 
neoplasias have occurred in children and 
infants. In bilateral cryptorchidism there is a 
15% chance of developing a tumor in the 
opposite testis if one of the testes becomes 
involved with a tumor. Seminomas are the 
most frequent neoplasms encountered in 
cryptorchid testes, followed by embryonal cell 
carcinomas. In patients with certain intersex 
disorders in which cryptorchidism is a 
presenting feature, gonadoblastoma is the 
most common tumor. 


It seems that the undescended position is 
not a predisposing factor to development of 
neoplasia in the undescended testis. This 
predisposition is probably inherent in the testis 
itself and there is an underlying pathologic 
process that affects both testes in the unilateral 
cryptorchid patient. Bringing the testes to the 
scrotum during childhood does not eliminate 
the possibility of malignancy since testicular 
tumors have occurred in patients who have 
undergone orchiopexy as early as 5 years of 
age. One in five testicular tumors occurring in 
patients with unilateral cryptorchidism has 
developed in the contralateral, supposedly 
normal, scrotal testis. Moreover, carcinoma in 
situ has been reported in adult testes 
descended by orchiopexy during childhood. 
Thus while orchiopexy during childhood does 
not prevent malignancy during adulthood it is 
nevertheless of benefit in that it allows earlier 
diagnosis if and when a tumor develops. 


Hernia 


In undescended testes the processus 
vaginalis remains patent and hernia sacs may 
be found in more than 90% of the cases. 
However, the sac is generally too narrow to 
allow the entry of abdominal viscera. A 
clinically obvious hernia is therefore 
exceptional. When it does occur, it usually 
appears within the first 2 years of life. 


Torsion 


Because the undescended testis is broader 
than its mesentery the testis is mote likely to 
twist on its stalk leading to increased 
incidence of testicular torsion. The incidence 
of torsion is rare in children and is greatest 
after puberty due to increase in testicular size 
resulting from the pubertal process or the 
occurrence of testicular neoplasia. Testicular 
torsion should be considered in a patient 
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presenting with acute abdominal pain and an 
empty hemiscrotum on the same side. 


Infertility 


The fertility of patients with bilateral 
undescended testes is very poor. It is well 
known that for the production of normal 
mature spermatozoa capable of fertilization, 
the testes must be in the scrotum, which is 1 to 
2°C less than normal body temperature. The 
increased temperature of undescended testis 
inhibits spermatogenesis, but Leydig cell 
function remains normal as most patients with 
bilateral cryptorchidism are normally 
androgenized. It is important to treat patients 
with undescended testes at an early age prior 
to degeneration of the somniferous tubules. 


Unilateral undescended testis has also a 
bad effect on fertility, probably resulting from 
an inherent defect present in both testes, since 
adults who had undergone successful 
unilateral orchiopexy during childhood show 
much lower sperm counts than normal adult 
males. 


Treatment 


The aim of treatment in patients with 
undescended testes is to improve fertility and 
to place the testis in a site where it can be 
palpated easily for early diagnosis of 
neoplasia, if it occurs. Retractile testes in 
children are left without therapy since they 
always achieve permanent descent before or 
at puberty. Ectopic testes are treated by 
orchiopexy. Undescended testes, whether 
palpable or not, unilateral or bilateral, are 
treated first by hormones and, if no 
Satisfactory response is obtained, surgical 
treatment is indicated. Exceptions are those 
cases due to mechanical obstruction or 
associated with a hernia or torsion which are 
treated surgically from the start. Surgical 
therapy for undescended testes is usually 
orchiopexy. However, orchiectomy is 
indicated in the following conditions: 


e If the testis cannot be brought into the 
scrotum. 


e If the testis is atrophic. 


e Patients first discovered to have undescended 
testis during adulthood. 


e Patients with disorders of sex differentiation 
having undescended testes since the testis is 
dysgenetic and highly prone to neoplasia. 


Treatment of the undescended testis 
should be started as early as possible, 
preferably during the 2nd year of life in the 
light of the data concerning the changes in the 
seminiferous tubules by the second year of age 
and the observation that a testis not descended 
by 1 year of age will probably remain 
undescended. 


Hormonal therapy 


There are 2 types of hormones used for 
treatment of the undescended testes: HCG and 
LHRH. The idea of this therapy is that 
exogenous (HCG) or endogenous (LHRH) 
stimulation of Leydig cells by LH will result 
in an increase in plasma testosterone, which 
will promote testicular descent. 


The dose of HCG is 10000 to 15000 IU 
given either as 5000 IU weekly for 3 doses or 
as 1500 IU twice weekly for 7 to 10 injections. 
With this dose maximal stimulation of Leydig 
cells is achieved without significant side 
effects. Rarely there is a transient increase in 
the size of the penis which regresses after 
cessation of therapy. 


Overall success rate, for all prepubertal 
ages and both unilateral and bilateral cases, 
ranges from 25% to 50%. The results of HCG 
therapy depend on several factors i.e. whether 
cryptorchidism is unilateral or bilateral, the 
distance of the testis from the scrotum, and the 
age of the patient. Results are better in 
bilateral than in unilateral cryptorchidism, in 
inguinal than in intraabdominal testes, and in 
children more than 3 years of age. Some 
patients show good initial descent of testes 
with HCG, but with subsequent testicular 
retraction several months later; a second 
shorter course of therapy might be 
recommended if this occurs. Descent of the 
testes after HCG therapy does not insure 
fertility as the testes often remain smaller than 
normal. The fertility rate in terms of fathering 
children for patients treated by HCG during 
childhood is 50% to 65% in unilateral 
undescended testes and 35% to 45% in 
bilateral undescended testes. 


LHRH is used in the treatment of 
undescended testes and a success rate of up to 
70% has been reported. The dose of native 
LHRH that has been used is 1.2 mg per day 
given as a nasal spray for about 4 weeks. 
Synthetic, long-acting analogs have also been 
used but their results are not as good as those 
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of native LHRH. No side effects, such as 
precocious growth, have been reported, 
although the relapse rate after 6 months of 
therapy is about 10%. In addition, there does 
not appear to be a difference in the success 
rate between treated unilateral and bilateral 
cryptorchid patients. 


HCG injections subsequent to LHRH 
therapy may have an additional effect in 
promoting descent of the testes. A success rate 
of about 85% was obtained in children with 
unilateral or bilateral undescended testes with 
intranasal LHRH for 3 weeks followed by a 
4-week HCG course. 


Orchiopexy 
This is surgical placement of the 
undescended testis in the scrotum. The 


essential feature of the operation is freeing the 
spermatic cord from its surroundings so that it 
can be lengthened sufficiently to let the testis 
come into the scrotum without tension. 
Although the standard orchiopexy technique 
will allow the testis to be brought down into 
the scrotum in most cases, there are those 
testes in which adequate length of the 
spermatic vessels cannot be obtained by this 
method, especially the high intra-abdominal 
testes. In these cases other techniques are used 
e.g. the two stage orchiopexy, or the auto- 
transplantation technique into the scrotum 
using microsurgical anastomosis of the 
testicular artery and vein to the inferior 
epigastric vessels. In cases of bilateral 
undescended testes it is advisable to leave an 
interval of several months between operations, 
since the result obtained on the first side may 
influence the method to be employed on the 
second. 


The principal major complication of all 
types of orchiopexy is loss of blood supply to 
the testis, resulting in loss of the testis due to 
ischemic atrophy or fibrosis. 


Fertility after surgery alone (not preceded 
by hormonal therapy) has been reported to - 
range from 60% to 90% for those with 
unilateral undescended testes and 20% to 30% 
for bilateral cases. Fertility after HCG 
treatment followed by surgery has been found 
to range from 30% to 55% for unilateral to 
10% to 30% for bilateral cases of undescended 
testes. Poorer results with surgery done after 
failure of hormonal therapy are conceivably 
due to a higher level of testicular undescent. 


Disorders of male puberty 
Clinical signs of puberty 


The specific pubertal signs in boys 
usually show a certain order of appearance, 
although individual differences are common. 
The following ordered series of events is 
common: 


1. Increased testicular volume. 

2. Start of longitudinal growth spurt. 

3. Pubic hair. 

4. 

5. Penile enlargement and muscular 
hypertrophy. 


Apocrine sweating and acne. 


. Voice break. 


Endocrine effects of androgens are 
responsible for most of these pubertal signs, 
including penile growth, longitudinal growth 
spurt, muscular hypertrophy, androgen- 
dependent hair growth, activation of 
sebaceous glands with greasy skin and acne, 
and voice break due to growth of the larynx 
and the Vocal cords. 


Testicular growth is usually the first sign 
of puberty in boys and constitutes an 
integrated measure of a successful endocrine 
action of gonadotropins and paracrine effect of 
androgen on the testis, resulting in the start of 
spermatogenesis. This process increases the 
volume of the testis to >3 mL., which is easily 
determined by the use of a Prader 
orchidometer. The penis has an average 
prepubertal length of 6 cm and increases to 
approximately 13cm, measured from os pubis 
to tip of the glans penis in the stretched flaccid 
state. Other early signs of onset of puberty are 
the appearance of an apocrine sweat scent and 
an increased velocity of longitudinal growth, 
announcing the start of the pubertal growth 
spurt. It is not uncommon that boys are 
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referred to the pediatric endocrinologist with a 
request for work up and treatment of short 
stature, although the real problem is delayed 
puberty with yet no recorded accelerated 
growth velocity, indicative of the onset of the 
pubertal growth spurt. 


Final height is gained after completion of 
the pubertal growth spurt, which is obvious 
from the individual growth charts, when 
growth velocity is approaching null. This 
reflects terminal differentiation and closure of 
the epiphyseal growth plates, which can be 
monitored by radiological examination of the 
skeleton. X-ray examination of the left hand is 
used for calculation of the status of 
prepubertal bone maturation (bone age), which 
should be equal to chronological age if 
normal. Patients with precocious puberty 
typically show advanced bone age whereas 
delayed puberty is characterized by retarded 
bone age. 


Tanner staging 


Tanner stages define physical measures of 
pubertal development on a 5-grade scale and 
include staging of pubic hair growth and the 
appearance of external genitalia, that is, size 
and maturational markers (skin color, 
wrinkles) of penis and scrotum. 


Tanner stage 1 refers to the prepubertal 
status whereas stage 5 represents the final 
adult outcome (Fig. 24.1). Pubic hair in boys 
usually appear initially on the scrotum and at 
the base of the penis. Facial hair appear 
initially on the corners of the upper lip and the 
upper cheeks and spread to the rest of the face 
and chin. All skin puberty effects are due to 
increased levels of sex steroids from the 
gonads and a small contribution from adrenal 
cortex. Pubertal growth spurt occurs during 
Tanner stages 3 to 4 of puberty, and is 
completed by stage 5 in most boys. 


G5,PH5 


G4,PH4 


Fig. 24.1: Tanner stages of male pubertal development. Genital (G) and pubic hair (PH) status are 
scored 1 to 5 independently, where score 1 represents prepubertal status and score 5 full adult 
development. Note that G and PH status are not always parallel events. 
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Diagnosis of Pubertal Disorders 


Normal age of puberty is statistically 
defined and has a strong heritable component. 
Delayed puberty is much more common in 
boys than girls (10:1) and is defined as 
absence of pubertal signs before age 14 or 
later in boys and a corresponding delay of 
Tanner staging at appropriate later age. 
Precocious puberty is much less common in 
boys than girls (1:10) and is diagnosed if two 
pubertal signs appear before age 9 in boys. 


Pubertal disorders should be diagnosed by 
use of family and clinical history, physical 
examination with Tanner staging, and growth 
chart, covering the whole period from birth to 
present age. Thus, precocious and delayed 
puberty are clinical diagnoses and hormonal 
analyses are not needed for verification. 
However, a work-up including laboratory 
analyses and radiological examinations is 
often required to reveal the underlying cause 
of the disorder, although most cases are 
idiopathic with no obvious underlying 
pathology, representing out-layers of the 
statistical distribution curve of normal pubertal 
timing. A substantial number of idiopathic 
cases may still require treatment and follow- 
up and are, therefore, important to investigate 
thoroughly. 


Delayed puberty 


Delayed puberty is the most common 
pubertal disorder in boy and is most often 
because of familial delay of unknown genetic 
cause. Typically, short stature is also a 
prominent component. This condition is 
referred to as constitutional delay of growth 
and puberty (CDGP) and is, by definition, 
transitory, albeit treatment may still be 
important, particularly in cases associated with 
psychosocial problems. There are also a 
number of other less common causes of 
delayed puberty that need to be excluded 
before treatment, if any, is initiated. Table 
24.4 lists the most frequent causes of delayed 
puberty in boys divided into central and 
peripheral failure. Most common is central 
delayed puberty, also referred to as 
hypogonadotropic (or secondary) hypo- 
gonadism. In such case, the HPG axis is not 
activated and hormonal levels remain at 
prepubertal level. If a specific cause is not 
detected, it may be hard to discriminate 
hypogonadotropic hypogonadism from CDGP. 
However, the latter condition should always 
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come with a family history and be self- 
limiting with spontaneous onset of puberty at 
later age, although this may occasionally occur 
as late as in the early twenties. 


In gonadal failure, gonadotropin levels are 
elevated, which is an important diagnostic 
measure. This is much less common except for 
cases with a diagnostic medical history, for 
example, bilateral cryptorchidism with poor 
treatment outcome. 


Clinical work-up of delayed puberty 


Delayed puberty is a clinical diagnosis but 
determining what specific level of the HPG 
axis that is engaged requires an endocrine 
laboratory work-up guided by the clinical 
observations. Fig. 24.2 suggests an algorithm 
for work-up of boys with delayed puberty. 


Treatment o Delayed Puberty 


Treatment of delayed puberty should be 
causal, if possible, but androgen replacement 
therapy may be required for short period or 
permanently, depending on the specific 
diagnosis. In boys with transient delay of 
pubertal development such as in CDGP, which 
is the most common cause, counseling without 
pharmacological intervention is the preferred 
action. This is mostly accepted by the affected 
boy and his parents because of the familial 
nature of the disorder and identification of 
other affected family members. However, 
many boys with delayed puberty suffer from 
psychosocial pressure due to bullying and 
exclusion by peers from sports and social 
activities, which may lead to low self-esteem, 
isolation, and depression. 


In selected cases of CDGP and more 
frequently in boys with other causes of 
delayed puberty, treatment with androgen 
should be installed. The strategy should be to 
mimic endogenous androgen production in 
puberty by delivering androgen at low initial 
dose. Testosterone in depot formulations (e.g., 
as propionate ester) is usually effective and 
well tolerated. Other formulations such as 
trans-dermal patches and gel compositions 
may also be tried, especially in subjects with 
aversion against injection needles. For young 
patients requiring a short period of pubertal 
induction, long-acting androgen depot 
formulations such as undecanoate esters are 
less desirable since short-term fine-tuning of 
the dosing is not possible. 


Table 24.4: Causes of delayed puberty in boys. 


Hypogonadotropic hypogonadism (central failure) 
Idiopathic 
Familial (constitutional delay of growth and puberty; 85%) 
Isolated gonadotropin deficiency 
Panhyopituitarism 
Genetic, syndromes 
Kallmann (KAL-1, FGFR1) 
KiSS/GPR54 
GnRH-R 
Prader-Willi 
Leptin, Leptin-R 
Disorder of sex development (DSD) 
Tumor 
Craniopharyngioma 
Hypothalamic tumor 
Prolactinoma 
Negative calorie balance 
Chronic illness, inflammation 
Short bowel 
Anorexia nervosa 
Psychogenic 
Excessive physical activity 
Iatrogenic 
Survivors of childhood cancer 
CNS irradiation 
Brain surgery 
Total body irradiation 
Chemotherapy 
Hypergonadotropic hypogonadism (gonadal failure) 
Chromosomal, genetic 
Klinefelter 
Other 
Undescended testes 
Bilateral, untreated 
Testicular atrophy 
Testicular agenesis 
Torsion 
Unknown cause 
Iatrogenic 
Gonadal irradiation 
Other 
Defects in androgen biosynthesis 
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Basal evaluation 
Clinical history 
Family history 
Growth chart 
Physical examination 
- Tanner staging 
Biochemical screening 


Endocrine evaluation 
Thyroid hormone 
Prolactin 
IGF-I 
Sex steroids, SHBG 
Gonadotropins 
GnRH test/other tests 


Genetic testing 
Karyotype 
- Klinefelter 
Specific genes 
- Kallmann 
- Prader Willi 
- Other 


Imaging 
Bone age 
CNS 
- CT scan 
- MRI 
Other 


Exclude/tr eat 
Cryptorchidism/atrophy 
Inflammatory disorder 
Malnutrition 

Cancer treatment effects 
Disorder of sex development 
Other disease 


Exclude/tr eat 
Hypothyroidism 
Prolactinoma 

Growth hormone deficiency 
Pan-hypopituitarism 


Fig. 24.2: Basic algorithm for work-up of boys with delayed puberty. 


The recommended initial monthly single 
dose is 75 to 125mg, to be increased gradually 
to adult replacement dose if permanent 
treatment is required. For induction of 
puberty in naive patients, a treatment period 
of at least six months is recommended. The 
patient should then be re-examined to 
document the results. The expected outcome is 
appearance of pubertal signs such as pubic 
hair, growth of genitalia, and others, which 
should be documented in the records with 
reference to Tanner stages. Testicular 
enlargement is not a sign of the action of 
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exogenous androgen but rather a record of the 
desired endogenous activation due to action of 
gonadotropins. In some patients an additional 
period of treatment of three to -six months 
may be need. If signs of endogenous pubertal 
activity are recorded, that is, the testicular 
growth, the androgen replacement should be 
reconsidered and tapered to allow release from 
negative feedback exerted by the exogenous 
androgens and to invite a more rapid 
endogenous activation. Treatment of children 
with gonadotropin formulations to increase 
gonadal size and help possible future function, 


including fertility, has been studied but is still 
considered experimental. 


Although individual sensitivity to 
androgen treatment may be seen and requires 
differential dosing, all boys with normal 
genital anatomy respond to androgen 
treatment. Poor responders may be found 
among patients with genital anomalies such as 
severe hypospadia and bilateral 
cryptorchidism, indicating partial androgen 
insensitivity. 


If endogenous puberty does not start and 
progress well after induction of puberty by 
androgen therapy, the diagnosis of CDGP 
should be reconsidered and the patient should 
be subjected to work-up by a specialist to find 
an alternative diagnosis. 


Precocious Puberty 


Precocious puberty is much less common 
in boys than in girls and is more often 
associated with concomitant pathology than 
delayed puberty in boys. Still, similar to 
delayed puberty, most cases are familiar and 
thought to be due to an early but otherwise 


normal activation of the “pubertal clock” in 
affected cases and families. Central and 
peripheral causes of precocious puberty can be 
distinguished. Table 24.5 lists common causes 
of precocious puberty in boys. Central or 
gonadotropin-dependent precocious puberty is 
most common. It is characterized by 
hypothalamic activation of GnRH neurons and 
pulsatile secretion of pituitary gonadotropins, 
activating testicular androgen production and 
spermatogenesis. Peripheral or gonadotropin- 
independent precocious puberty (GIPP) is 
much less common and accounts for less than 
10% of cases. 


Clinical work-up of precocious puberty 


Given the higher prevalence of associated 
pathology in boys with precocious puberty, the 
work-up should be more aggressive than for 
delayed puberty, particularly with younger age 
and in the absence of familial history. Fig. 
24.3 shows an algorithm for work-up in boys 
with precocious puberty. The use of endocrine 
tests and imaging procedures should be guided 
by the clinical signs and the outcomes of 
screening tests. 


Table 24.5: Common causes of precocious puberty in boys. 


Hyper gonadotropic hyper gonadism (central) 
Idiopathic 
Familial 
Tumor cerebri 
Hamartoma 
Other 
CNS lesion 
Hydrocephalus 
Hypogonadotr opic hyper gonadism (peripheral) 
Congenital adrenal hyperplasia (CAH) 
21 -OH-deficiency 
Other 
Steroid-producing tumor 
Adrenal 
Gonadal 
Ectopic gonadotropin secretion 
Activating LH receptor mutation 
McCune Albright syndrome 
Exogenous 
Iatrogenic 


Accidental exposure to hormones 


Environmental factors with endocrine disrupting compounds 


Treatment of precocious puberty 


Causal treatment is the aim in cases with 
organic causes of precocious puberty, if 
possible. Such cases include, for example, 
hydrocephalus, CNS tumors, and conditions 
with ectopic production of gonadotropins. In 
idiopathic central precious puberty (CPP), 
high dose long-acting depot GnRH agonist is 
the preferred treatment. The desirable action 
of such treatment is suppression of the 
pulsatile gonadotropin secretion by the 
pituitary, which is typically achieved after 
monthly dosing for a period of 2 months. Boys 
with precocious puberty may also be under 
psychosocial pressure, which is an important 
indication for treatment. Compromised adult 
final height is another indication for treatment 
and is evaluated by determination of bone age 


Basal evaluation 
Medical history 
Family history 
Growth chart 
-Start and tempo of spurt 
Physical examination 
-Tanner staging 


Endocr ine evaluation 
Sex steroids, SHBG Adrenal 
steroids 
-17-OHP 
Gonadotropins 
Urine steroid profile 
GnRH test/other tests 


Imaging 
Bone age 


Genetic testing 

Karyotype 

Specific genes 
- Congenital adrenal hyperplasia 
- McCune Albright syndrome 
- Other 


and calculation of projected final height. 


In cases of peripheral (gonadotropin 
independent) precocious puberty (GIPP), 
treatment options are less favorable since 
GnRH agonists do not function. Causal 
treatment, by increasing corticosteroid and 
mineralocorticoid dosing thus suppressing 
adrenal androgen production, is preferable and 
usually successful in congenital adrenal 
hyperplasia (CAH). Symptomatic treatment 
options are androgen receptor antagonists such 
as flutamide and cyproterone. 


The duration of treatment is to be 
discussed with the family but is most often 
determined by the chronological age of the 
patient with proposed termination at the 
desired age of puberty. 


Explore 
CNS trauma 
Hydrocephalus 
Skin lesions (McCune 
Albright syndrome) 
Hormonal exposure Environmental 
exposure 


Explore 
Hydrocephalus 
Hamartoma 
Brain tumor 
Other 


Fig. 24.3: Basic algorithm for work-up of boys with precocious puberty. 
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Gynecomastia 
Introduction 


Gynecomastia is a benign proliferation of 
glandular tissue of the breast in males, which 
results in concentric enlargement of one or 
both mammary regions. Mammary tissue is 
present in children of both sexes, and 
development of breasts depends on hormonal 
stimulation. The growth and differentiation of 

mammary tissue in the male is controlled 
by stimulatory and inhibitory hormones. 
Estradiol binds to estrogen receptors (ERO and 
ERB) and stimulates glandular cell growth, 
whereas testosterone binds to the androgen 
receptor (AR), which seem to inhibit growth 
and differentiation of breast tissue. 
Gynecomastia may be the result of increased 
estradiol levels that may occur from direct 
gonadal or adrenal sources or from peripheral 
conversion of androgens. Thus, the principal 
determinant of breast development is the 
balance between androgenic and estrogenic 
stimulation. 


Testosterone is converted enzymatically 
to estradiol by aromatase (encoded by the 
CYP19 gene). Likewise androstenedione is 
aromatized to estrone by aromatase. Any 
changes in the ratio between testosterone and 
estradiol (either from decreased testosterone or 
increased estradiol) may stimulate dormant 
mammary gland tissue to proliferate and lead 
to the development of gynecomastia. Familial 
cases of gynecomastia due to aromatase 
excess syndrome have been described, but in 
many cases the testosterone-to-estradiol ratio 
is normal in circulation. Aromatase activity is 
present in gonads, adipose tissue, and breast 
tissue. Most likely local aromatase activity in 
breast tissue may be increased in patients with 
gynecomastia. Clearly marked differences in 
the sensitivity of breast tissue to estrogens 
exist between subjects. 


Other hormones like growth hormone 
(GH) and insulin-like growth factor I (IGF-I 
seem to have permissive effects increasing the 
activity of other hormones on breast tissue. 
Thus, development of gynecomastia is a well- 
known side effect of GH treatment in adult 
males in some cases. Thyroxine increases sex 
hormone binding globulin (SHBG) and 
subsequently lowers free testosterone levels 
which may result in increased glandular 
growth. Prolactin stimulates lactation, but it is 
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not directly related to breast development. 
Indirectly, however, prolactin decreases 
gonadotropin secretion and lowers testosterone, 
which in turn may stimulate male breast 
development. Thus, in some _ cases 
hyperprolactinemia may result in gynecomastia. 
Clinical evaluation with 
gynecomastia 


of patients 


It may be troublesome to distinguish 
glandular breast tissue from fat tissue 
(lipomastia) especially in obese subjects. 
Successful palpation is most likely if the tissue 
is squeezed between the thumb and forefinger 
in a patient in the sitting position. The 
examiner should try to find an edge, hereby 
distinguishing the outer limits of the 
gynecomastia. The distance between thumb 
and forefinger should be recorded as precisely 
as possible. This may often be difficult and the 
diagnosis of gynecomastia may be subject to 
some clinical judgment. Some authors define 
pathological gynecomastia when the 
diameter is more than 4 cm, or more than 2 
cm if the tissue is tender upon palpation. 
Tenderness of the breast tissue may be 
considered a sign of recent hormone 
stimulation. Staging of the degree of breast 
development can be performed using the 5 
breast stages described by Tanner. Breast 
stage 1 denotes no gynecomastia, whereas 
breast stage 2 denotes breast budding 
(glandular tissue can be palpated within the 
areolar area). Breast stages 3-4 are more 
advanced breast stages and breast stage 5 
denotes the mature breast of an adult female. 
The gynecomastia may be unilateral or 
bilateral which should be recorded. 


In few cases radiological mammography 
(or ultrasound) is warranted if the diagnosis is 
questionable, especially if a breast tumour is 
suspected. Importantly, if a firm swelling 
(usually painless) is present, especially in an 
eccentric position, one should not hesitate to 
perform a biopsy to rule out breast cancer. 


A complete physical examination of 
patients with gynecomastia is not confined to 
the breast, but includes a full evaluation and 
laboratory investigations (Table 24.6). 


Height, weight, and body mass index 
should be recorded. Body proportions 
(determined by sitting height to standard height 
ratio) to quantify any degree of eunuchoidism 
(long-leggedness) as well as fat distribution 


should be recorded. The degree of virilization 
should be recorded which include evaluation of 
the presence of beard and body hair, acne, and 
baldness. Genital development includes 
evaluation of penile size, scrotal development, 
pubic hair, and testicular size. Testicular 
volume can be determined by the use of an 
orchidometer or by ultrasonography. Testicular 
palpation is mandatory and should preferably 
be accompanied by testicular ultrasound 
examination to rule out the presence of germ 
cell or Leydig cell tumors because the 
diagnosis of small tumors may be missed by 
palpation. Finally, signs of hepatic, renal, and 
other systemic disease should be ruled out. 


The patient should be asked about the 
time course of the development of the 
gynecomastia in detail, whether it is (i) 
persistent pubertal gynecomastia (ii) a long- 
lasting problem (for years), or (iii) a new and 
rapidly developing condition. Furthermore, the 
patient should be asked for signs of hypogo- 
nadism like decreased libido, tiredness, sweats 
and hot flushes, mood changes, and erectile 
dysfunction. Because many types of medicine 
may cause gynecomastia, any intake of 
medication should be recorded (Table 24.7). 


Laboratory investigations should be 
individualized depending on the clinical 
presentation and medical history. If a diagnosis 
of adolescent gynecomastia seems obvious or if 
the gynecomastia is mild and non-progressive, 
there may not be a need for blood sampling. 
However, in most cases laboratory 
investigations are needed and include 
determination of testosterone, estradiol, SHBG, 
follicle stimulating hormone (FSH), luteinizing 
hormone (LH), prolactin, thyroid stimulating 
hormone, human chorionic gonadotropin 
(hCG), o-fetoprotein, and hepatic and renal 
function tests. In some cases inhibin B, 
karyotyping, and DNA analyses may be useful. 


Physiological gynecomastia 


There are physiological forms 
gynecomastia in different periods of life. 


of 


In newborns exposure to the high levels 
of sex steroids in utero may stimulate breast 
tissue that may persist several weeks after 
birth. Furthermore, exposure to estrogen in 
breast milk may result in varying degrees of 
palpable breast tissue. 


In infancy the pituitary-gonadal axis is 
very active at three months of age resulting in 
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pubertal levels of FSH, LH, testosterone, and 
estradiol in all boys (this phenomenon is also 
termed “mini-puberty”). The reason for this 
first activation of the pituitary-gonadal axis 
remains unknown, but insufficient secretion of 
testosterone during this period (as seen in 
newborns with hypogonadotropic hypo- 
gonadism) is associated with decreased penile 
growth. Furthermore, boys born with 
cryptorchidism often exhibit spontaneous 
descent of testes at three months of age, when 
testosterone levels are high. Altogether, these 
findings suggest that this brief pituitary- 
gonadal activation may play a role for 
postnatal genital development. Breast tissue 
can frequently be palpated in three-month old 
boys, and seems to be related to circulating 
estradiol concentrations. 


Adolescent gynecomastia is seen in a 
large proportion of normal adolescent boys 
who may develop palpable and sore glandular 
tissue (>0.5cm in diameter), which, however, 
regresses spontaneously within 6 to 12 months 
in the majority of boys. This is assumed to be 
due to deviated androgen-to-estrogen balance, 
although circulating testosterone and estradiol 
levels arc usually no different from similar 
aged boys without palpable gynecomastia. The 
incidence of adolescent physiological 
gynecomastia varies in different studies from 
4% to as much as 60%, which may depend on 
study design as well as differences in the 
adolescent age groups studied (10-12 years vs. 
10-18 years). It usually appears in mid-puberty 
(genital Tanner stages 3-4) and can be 
considered a normal variation in most cases 
and usually does not require detailed 
investigations or treatment. Most boys should 
just be checked again after 6 months and be 
reassured that it will most likely disappear 
spontaneously. However, in some cases it may 
cause considerable cosmetic and 
psychological distress. Thus, adolescent 
gynecomastia may have a negative impact on 
self-esteem and lead to decreased participation 
in social activities like swimming and 
showering after gymnastics. In some boys the 
adolescent gynecomastia does not disappear. 
If gynecomastia persists for more than 2 to 3 
years it is not likely to disappear spontaneously. 
The development of gynecomastia in adolescent 
boys without any other signs of puberty must 
raise suspicion of an underlying endocrino- 
pathy including hormone-producing tumor, 
and warrant further evaluation. 


Table 24.6: Primary evaluation of men with gynecomastia. 


History 

e Duration of gynecomastia (uni- or bilateral), tenderness 
e Previous gynecomastia 

e Previous or current cryptorchidism, fertility status 


e Symptoms of hypogonadism, hyperthyroidism, or other systemic illness 


e Complete list of medication, use of recreational drugs, and/or supplements 


Physical examination 

e Gynecomastia (uni- or bilateral), size, tenderness 

e Height, weight, and body mass index 

e Goiter 

e Testicular size, cryptorchidism, palpation for tumor 
e Ultrasound examination of testicles 

Initial laboratory investigations 


¢ Testosterone, LH, estradiol, SHBG, (FSH and inhibin-B) 


hCG 
¢ TSH, thyroxine, (free-thyroxine) 


Prolactin 


Liver and kidney parameters 


Additional laboratory investigations, depending on the results of the initial investigations 
e Adrenal androgens (DHEA, DHEA-sulfate, androstenedione) 


e Estrone 
e Karyotype 
e DNA (e.g., for androgen receptor analysis) 


Pathological gynecomastia 


If a diagnosis of physiological 
gynecomastia is not obvious, pathological 
conditions resulting in gynecomastia must be 
ruled out. An underlying endocrine disorder is 


the most likely cause. Such endocrinopathy 
may be associated with estrogen excess, 
androgen deficiency, impaired androgen 
action, or imbalanced estrogen/testosterone 
ratio, all of which conditions may lead to 
gynecomastia. 


Table 24.7: Commonly used drugs associated with development of gynecomastia. 


Sex steroid modulating agents 

e Androgens and anabolic steroids 

e Estrogens 

e Clomiphene 

e Human chorionic gonadotropin 

e 5-c-reductase inhibitors 

e Cyproterone 

e Ketoconazole and metronidazole 

e Spironolactone and H2-receptor antagonists 
Cardiovascular drugs 

e Angiotensin converting enzyme (ACE) inhibitors 
e Calcium antagonists 

e Digoxin 

Psychoactive drugs 

e Phenytoin 

e Serotonin reuptake inhibitors 

e Tricyclic antidepressants 

Antiviral agents 

e Zidovudine 

e Stavudine 
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Obese men have increased risk of 
gynecomastia. Excess truncal fat deposition 
result in lipomastia (pseudo-gynecomastia). In 
addition increased peripheral conversion of 
testosterone to estradiol in fat tissues may 
often result in real glandular tissue. 


Elderly men often show some degree of 
gynecomastia. In this age group systemic 
diseases, increased adiposity, medication, or 
late-onset hypogonadism are more likely to 
play a pathogenetic role for the development 
of gynecomastia. 


Endocrine Disorders 


Almost all conditions associated with 
lowered testosterone are associated with 
gynecomastia at a _ high frequency. 
Hypogonadism may be of primary/testicular 
(hypergonadotropic) or secondary/pituitary 
(hypogonadotropic) origin. 


Primary Gonadal Failure 


Primary testicular failure is associated 
with increased LH levels, which in turn 
stimulates testicular estradiol secretion in 
excess of androgens. Patients with bilateral 
cryptorchidism may have impaired Leydig cell 
function resulting in hypogonadism. Other 
forms of primary testicular insufficiency 
(orchitis following mumps, granulomatous 
orchitis) may result in hypogonadism resulting 
in gynecomastia. Patients with Klinefelter 
syndrome (47,XXY) or  SRY-positive 
karyotypes have gynecomastia in 50% to 70% 
of cases as a consequence of their relative 
hypogonadism (low-normal testosterone and 
elevated LH and in some cases elevated 
estradiol). In addition to gynecomastia, 
Klinefelter patients may exhibit eunuchoid 
body proportions, increased height, and all 
have small testes. Patients who have unilateral 
orchiectomy performed (e.g., due to torsion or 
testicular cancer) usually maintain a sufficient 
testosterone production from the remaining 
testis. 


Thyrotoxicosis may lead to gynecomastia 
and is associated wit increased estradiol and 
SHBG levels, which diminish free 
bioavailable testosterone levels. 


Hypogonadotropic Hypogonadism 


Isolated hypogonadotropic hypogonadism 
(qHH) is commonly associated with 
gynecomastia. It can occur in a congenital 
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form like Kallmann's syndrome (KAL-I 
mutations) or due to mutations in the GPR54 
or FGFRI1 genes. Hypogonadotropic hypo- 
gonadism may also be acquired following 
hyperprolactinemia due to a pituitary 
prolactinoma (micro- or macroadenoma), 
medication-induced hyperprolactinemia (e.g., 
antidepressants), or idiopathic. Hemo- 
chromatosis may result in isolated 
hypogonadotropic hypogonadism. 


Androgen Resistance 


Complete androgen resistance results in 
the development of breast tissue in a genetic 
male with phenotypic appearance of a female 
(Morris syndrome). However, partial androgen 
insensitivity may result in a phenotypic male 
with gynecomastia. Androgen sensitivity may 
be influenced by the number of CAG repeats 
in the AR gene. In case of Kennedy syndrome, 
an increased number of CAG repeats in the 
AR gene results in signs of hypogonadism 
including gynecomastia in addition to the 
neurodegenerative findings (muscular 
weakness, atrophy, and fasciculations), which 
typically present from 40 to 50 years of age. 


Endocrine Active Tumors 


Testicular tumors may produce 
estrogenic hormones, which lead to 
gynecomastia. These tumors may be of germ 
cell, Leydig cell or Sertoli cell origin. Germ 
cell tumors may or may not be palpable 
depending on their size, whereas Leydig cell 
or Sertoli cell tumors are usually very small at 
the time of referral for gynecomastia and can 
only be detected by testicular ultrasonography. 
An increase in aromatase activity in the 
gonadal tumors is responsible for the estrogen 
excess and development of gynecomastia. 


Choriocarcinomas of the testis may 
produce hCG which stimulates local testicular 
production of testosterone and estradiol. 
Extra-gonadal (e.g., mediastinal) germ cell 
tumors may also produce hCG which 
stimulates testicular hormone productions. 


Gynecomastia is seen in patients with 
Sertoli cell tumors. Peutz-Jeghers syndrome, 
is an autosomal dominant disorder, 
characterized by melanocytic macules of the 
lips, buccal mucosa and digits, and multiple 
gastrointestinal hamartomatous polyps. The 
testicular lesions seen in patients with Peutz- 
Jeghers syndrome mostly represent multifocal 


intra-tubular neoplasia of large Sertoli cells 
with unique morphology. 


Ectopic production of hCG may occur in 
tumors in the liver, stomach, lung, and kidney. 
Thus, if hCG is elevated and no testicular 
tumor is found upon palpation and ultrasound, 
X ray of thorax as well as CT of abdomen is 
warranted. 


In cases of testicular or ectopic hCG 
production, testosterone levels are usually 
high-normal and FSH and LH levels are 
usually completely suppressed. 


Adrenal tumors (adenomas or 
adenocarcinomas) may produce estradiol or 
androgenic estrogen precursors like dehy- 
droepiandrosterone (DHEA), DHEA sulfate 
(DHEAS), or androstenedione. Patients 
harboring an adrenal tumor may present with 
hypertension and elevated urinary excretion of 
ketosteroids. 


Systemic Diseases with Gynecomastia 


Patients with chronic renal failure often 
present with hypogonadism and lowered 
testosterone that may result in gynecomastia. 
Chronic liver disease commonly results in 
gynecomastia due to increased aromatization 
of testosterone to estradiol in the liver. 
Furthermore, alcohol inhibits testicular 
steroidogenesis resulting in lowered 
testosterone. In general, chronic diseases are 
commonly associated with gynecomastia and 
often associated with treatment with various 
drugs. 


Medication 


Numerous medications may result in 
gynecomastia (Table 24.7). Thus, a detailed 
list of medication used by the patient is needed 
in the clinical work-up. Alternative treatments 
should be considered if possible when the 
patient develops gynecomastia. 


Exogenous Exposure to Estrogens 


Unintended exposure to estrogen may 
occur during intercourse with women using 
vaginal estrogen cream. 


Illegal use of anabolic steroids often result 
in gynecomastia. Some anabolic steroids may 
aromatize to estrogens, which stimulate breast 
tissue directly. HCG is known to cause 
gynecomastia itself. Thus, long-lasting 
hypogonadism and gynecomastia together 
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with life-threatening hepatic and cardiac side 
effects are frequent features following illegal 
use of anabolic steroids and hCG. Such 
patients should be helped and treated like 
another drug addicts. Treatment includes 
psychological support, regular monitoring of 
drug misuse (urine samples), and in cases of 
persistent hypogonadism androgen substitution 
should be offered. 


An important differential diagnosis to 
gynecomastia is male breast cancer. 


Breast Cancer 


Breast cancer in men is a rare disease with 
an incidence about 200-fold lower compared 
to women. However, men are aware that they 
can contract breast cancer and are quite often 
concerned whether a gynecomastia may 
represent cancer. In case of a suspicious tumor 
in a male breast, the diagnostic approach is to 
perform a core biopsy. In general there is no 
need to perform imaging if there is agreement 
between the clinical appearance and the result 
of the biopsy. Ultrasound sonography can he 
used in case of uncertainty. In case of 
malignancy, diagnostic work, surgical 
treatment, and adjuvant treatment should 
follow the guidelines for the disease in 
women. 


Treatment 


Any underlying pathology should be treated 
or corrected if possible. In case of systemic 
disease where gynecomastia can be attributed 
to medications, the suspected drug should be 
changed if possible. In case of hypogonadism, 
substitution with testosterone should be 
initiated. In some cases this will result in 
regression of gynecomastia. 


Medical treatment, with aromatase 
inhibitors or estrogen receptor blockade (like 
Tamoxifen) have proven efficient in some 
studies, but cannot be considered standard 
treatment. 


Surgical treatment 


Approximately, 85% of men with 
inconvenience from gynecomastia will 
experience spontaneous regression. Thus, in 
general, surgical treatment should not be 
offered before a period of observation, 
especially in pubertal boys. If cancer is a 
concern for the patient, a biopsy can be 
performed. The patient will generally accept 


after assurance of benign conditions. The 
classical surgical treatment is nipple-sparing 
subcutaneous mastectomy. However, suction 
lipectomy has proved helpful for tapering the 
edges and in mild gynecomastia it may be 
used as the sole procedure. The incision 
should be periareolar. It is important to 
preserve a button of tissue under the areolar 
complex to maintain a sufficient blood supply 
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and to prevent the nipple from sticking on the 
chest wall and retracting. In severe 
gynecomastia, skin resection is often 
necessary in combination with transposition of 
the nipple-areola complex. The most frequent 
complication after surgery is numbness of the 
nipple and adherence of the areola to the 
pectoral muscle. 


Section 5: Other male sexual disorders 


Chapter 25: Psychosexual disorders 


Gender dysphoria syndrome 


Gender identity is self awareness and 
identification of being a male or female and 
gender role is one’s behavior as a male or 
female. 


Gender dysphoria syndrome is a 
psychiatric disorder characterized by the 
individual’s intense desire for transformation 
by hormonal and/or surgical means into the 
gender opposite to the individual’s genetic and 
phenotypic sex. Thus a phenotypic male wants 
to become a female, asking disappearance or 
removal of his masculine organs and 
secondary sex characteristics and a phenotypic 
female wants to become a male with getting 
rid of her feminine organs and acquiring 
masculine organs and characteristics. The 
syndrome includes transsexuals (classic or 
primary gender dysphoria) and other causes of 
gender dysphoria. The incidence of 
transsexualism has been estimated to be 1 in 
100,000 for male transsexuals and 1 in 
130,000 for female transsexuals. Children and 
adolescents of either sex also may evidence 
inappropriate gender behavior that ranges 
from isolated cross-dressing to a picture that 
appears identical to that of the adult 
transsexual, including verbalization of the 
desire to change into the opposite sex. The 
etiology of transsexualism is unknown. 
Theories of hormone abnormality and a 
particular parent-child relationship have been 
suggested but not completely approved. 


Clinical features 
Diagnostic criteria for transsexualism are: 


1. Sense of discomfort and inappropriateness 
about one’s anatomic sex. 


2. Wish to be rid of one’s own genitalia and to 
live as a member of the other sex. 


3. Above has been continued for at least 2 
years (and usually present since earliest 
memory and persistent through childhood and 
adolescence). 


4. Absence of physical intersex or genetic 
abnormalities (in other words these patients 
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are genetically and anatomically normal). 


5. Not due to another mental disorder such 
as schizophrenia (in which case there may 
well be confused identify during an acute 
crisis). 


Differential diagnosis 


The term “gender dysphoria syndrome” 
has emerged as the generic name for all those 
individuals who present with some form of 
gender identity difficulty. It includes 
transsexualism and other psychiatric disorders 
with secondary gender dysphoria. The 
differentiating points include the age of onset, 
the persistence of the dysphoria, and the 
degree of insistence upon sex reassignment. 
Sex reassignment is not done for all patients 
with gender dysphoria complaints and is 
usually reserved for patients having 
transsexualism. 


The types of gender dysphoria include: 
1. Classic transsexualism of Benjamin: 


Life long history of desire to be a member 
of the gender opposite to his/her biological 
Sex. 


2. Transvestism: Transvestites dress in the 
clothing of the opposite sex as a mean of 
obtaining sexual arousal during heterosexual 
activity, but they usually do not want a 
permanent change of anatomy or appearance. 


3. Effeminate male homosexuals and 
masculine lesbians: These are erotically 
attracted to same biologically sexed individual 
and give history of enjoying the use of their 
genitalia in homosexual love making. Some of 
these homosexuals may request sex 
reassignment to camouflage their 
homosexuality but they often do not actually 
proceed into such a change. 


4. Schizophrenia: Discomfort about one’s 
gender identity occurs only during an acute 
episode but is absent thereafter. 


5. Psychopathic or sociopathic personality: 
These patients with abnormal personality may 
fabricate stories that they believe will facilitate 
their acceptance for sex reassignment. 


Treatment 


Gender dysphorias other than trans- 
sexualism are treated with psychotherapy. The 
lines of treatment for transsexualism include: 


(1) psychotherapy, (2) trial of cross-gender 
living (the real life test), (3) hormonal 
therapy, and (4) _ surgical therapy. 
Psychotherapy of adult transsexualism has 
been successful in resolving the gender 
dysphoria in approximately 20% of cases. 
Many transsexuals may have other 
psychological problems including depression, 
poor self-esteem, and guilt, that may be 
improved by psychotherapy. Transsexuals 
with failed psychotherapy enter a trial period 
of one to two years after which a decision is 
made about further sex reassignment surgery. 
During this period the patient receives 
hormonal therapy, assumes the dress and lives 
as a member of the opposite sex. If the patient 
does no succeed in this trial or is unhappy with 
its results, surgery is not done. 


The aim of hormonal therapy in 
transsexuals is dual: suppression of the 
existing sexual features (hormonal castration) 
and development and maintenance of sexual 
features belonging to the other sex i.e. 
paradoxical hormone therapy. Ethinyl 
estradiol 0.15-0.5mg per day is given for 
male-to-female transsexuals. To this may be 
added medroxyprogesterone acetate 10 mg per 
day. In the female-to-male transsexual depot- 
testosterone 200 mg are given every two 
weeks. The effects of paradoxical hormone 
therapy on males and females are presented in 


table 25.1. The direct effects are produced 
through action of the prescribed hormone on 
the target organs while the indirect effects are 
caused by suppression of the hypothalamic- 
pituitary-gonadal axis. The changes produced 
by hormonal therapy are gradual, occurring 
over several months, and are incomplete. The 
most significant changes for males is 
development of a breast and elongation of 
scalp hair. Since the beard hair continues to 
grow it needs electrolysis for its removal. The 
most significant changes for females are stop 
of menstruation, deepening of voice, and 
development of facial hair. Transsexuals 
receiving paradoxical hormone therapy are at 
increased risks for developing several 
complications and these are presented in table 
25.2. Regular check up is required. 


Once the patient has been treated for the 
prescribed period of time, has undergone 
extensive counseling regarding the risks and 
consequences of further therapy, and still 
strongly desires sex reassignment surgery, he 
or she may then be considered a candidate for 
surgical treatment. Male-to-female sex surgery 
includes (1) castration, (2) penectomy, (3) 
urethroplasty, and (4) construction of a vagina 
and labia from the penis and scrotum skin. 
Female-to-male sex surgery includes (1) 
bilateral mastectomy with preservation of 
nipples, (2) hysterectomy and ovariectomy, (3) 
construction of a penis and scrotum from 
pubic-inguinal or thigh flaps, and (4) testicular 
prosthesis implantation. The constructed penis 
lacks sensation and is psychologically, but not 
mechanically, functional. 


Table 25.1: Effects of paradoxical hormone therapy. 


Effects of estrogen therapy in males Effects of testosterone therapy in females 


Direct effects Direct effects 


Gynecomastia Masculine hairiness 
Softening and thinning of skin Deep voice 
Redistribution of body fat Acne 


Pattern baldness 

Increased physical strength 

Increased libido 

Hypertrophy of the clitoris 

Cystic hyperplasia of the endometrium 
Polycystic ovaries 

Indirect effects 

Atrophic changes in the ovaries 
Suppression of menstruation 

Increased hemoglobin 


Decreased muscle strength 
Increased hair growth on the scalp 
Increased body weight 

Increased blood volume 

Increased blood pressure 


Indirect effects 

Testicular atrophy 

Decreased testosterone levels 
Decreased libido 

Decreased potency 
Decreased seminal fluid 
Decreased sperm production 
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Table 25.2: Complications of paradoxical hormone therapy . 


Estrogen therapy in males 


Testosterone therapy in females 


Cardiovascular Liver dysfunction 
Hypertension Abnormal liver function tests 
Hyperlipidemia Cholestatic jaundice 
Arteriosclerosis Liver cell adenomas 
Hormonal Osteoporosis 
Hyperprolactinemia 
Galactorrhea 
Prolactinoma 
Cancer breast 
Immunologic 
Impairment of cell mediated immunity 
Sexual Deviations that of heterosexuals. However, mis- 


Homosexuality 


Homosexuality is a psychosexual 
deviation characterized by presence of sexual 
desire for and sexual activity with members of 
the same sex. Homosexuality exists in almost 
every country, culture, and race. It is found on 
every social level, in communities of every 
size, and among members of every profession. 
The etiology of homosexuality is unknown 
and several theories have been proposed 
including biological, hormonal, socio-cultural, 
psychological, but none is completely 
accepted. Homosexual men and women 
constitute as diverse a group as heterosexuals 
from the view points of occupation, education, 
life-style, personality characteristics, and 
physical appearance. 


The emotional stability and personal 
maturity of homosexuals is no different from 


perceptions still exist about homosexuals 
including that homosexual men are effeminate 
and homosexual women are masculine, and 
that homosexual men frequently molest 
children. 


Kinsey and coworkers devised a 
numerical scale for describing a person’s 
sexual orientation on the basis of both 
behavior and fantasy. This seven-point 
heterosexual-homosexual rating scale (Table 
25.3) emphasizes the continuity of the 
spectrum of sexual orientation, with some 
persons living their entire lives in a single 
category while others shift along the spectrum 
from time to time. Bisexual individuals i.e. 
those having both heterosexual and 
homosexual activities may marry and father 
children especially if they have equally 
homosexual and heterosexual rating scale. 


Exclusively homosexual individuals do not marry and even are totally repugnant to the 


other sex. 


Table 25.3: The Kinsey heterosexual-homosexual rating scale. 


0 Exclusively heterosexual 


1 Predominantly heterosexual; only incidentally homosexual 


Equally heterosexual and homosexual 


nH nr A W N 


Exclusively homosexual 


Predominantly heterosexual; more than incidentally homosexual 


Predominantly homosexual; more than incidentally heterosexual 


Predominantly homosexual, only incidentally heterosexual 


Masters and Johnson extended their 
laboratory observations of heterosexual 
activity to homosexual pairs and concluded 
that the physiological sexual response 
accompanying arousal and orgasm were the 
same in heterosexual and homosexual activity. 
The authors emphasized on the exchange of 
pleasure during homosexual activity contrary 
to the goal-oriented nature of heterosexual 
activity. This emphasis on mutual pleasure 
underlines the point that for most established 
homosexual couples, the choice of sexual 
techniques is determined by this need for 
mutual pleasure, rather than conforming with 
predetermined active” or “passive” roles. 
Hence there is usually a reciprocation or 
exchange of roles and the use of a variety of 
techniques. 


The patterns of homosexual activities 
include: (1) mutual masturbation, (2) fellatio, 
(3) rubbing bodies together, and (4) anal 
intercourse. Almost all of their subjects had 
engaged in most of these activities. Fellatio, in 
both the insertor and receptive role was the 
most frequent, with being masturbated, 
masturbating one’s partner, the insertor role in 
anal intercourse, the receptive role, and body 
contact in that order of frequency. Nearly all 
the men expressed a definite preference for 
one type of sexual activity. Being fellated was 
the most popular, followed by taking the 
active role in anal intercourse and only about 
6% preferred the passive, or insertee role in 
anal intercourse. 


Patterns of homosexual activity in 
females include (1) mutual masturbation, (2) 
cunnilingus (oral sex), (3) body rubbing, and 
(4) use of dildos (artificial penises) for 
intravaginal stimulation. Cunnilingus is the 
technique most favored while the use of dildos 
is the least. 


The stereotype of exclusively active or 
exclusively passive homosexual occurs only in 
a minority of homosexuals. The avoidance of 
a passive role may be due to its psychological 
significance of a feminine implication. 
Avoidance of an active role may be a way of 
concealing sexual dysfunction as ED. 


Homosexual men and women are not 
preoccupied with sex and they have the same 
needs for loving relationships and 
companionships as heterosexuals. There are 5 
types of sexual relations among homosexual 
male and female subjects (1) close coupled, 
(2) the open coupled, (3) the functionals, (4) 
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the dysfunctionals, and (5) the asexuals. The 
close coupled are comparable to the happy 
married and faithful heterosexuals, living in a 
stable relationship with little sexual activity 
outside the relationship. In the open coupled, 
the stable relationship is associated with a fair 
amount of “extra-marital’” sexual activity. The 
functionals are not couples, have a large 
number of sexual partners, with little regret 
over homosexuality and few sexual problems. 
The dysfunctionals are not coupled and have a 
large number of sexual partners, but have 
many sexual problems and significant regret 
about their homosexuality. The asexuals are 
not coupled and have low levels of sexual 
activity and sexual interest. 


Homosexuals have their own problems 
which may be social, legal, sexual or medical 
(Table 25.4). Problems in Lesbians (female 
homosexuals) are far less common and less 
important than in gays (male homosexuals). 
Legal prohibition of lesbianism is much less 
strict than for male homosexuality. All degrees 
and types of male homosexuality are illegal 
for members of the armed forces. 


The "gay bowel syndrome" encompasses 
numerous anorectal and colonic conditions 
prevalent in male homosexuals including 
hepatitis, infectious diarrheal diseases, and 
some proctologic manifestations of anorectal 
intercourse. Enteric infections as giardiasis, 
amoebiasis, shigellosis and compylobacter 
enteritis are transmitted through anal inter- 
course followed by oral-anal or oral-genital 
contact. 


The erect penis is commonly 15 to 17 cm 
long with base diameter about 5cm. The anus 
is 1.5 to 3cm long and its muscular tone 
permits distention of only 2 to 3 cm. The 
rectum, lined with mucous membrane, is 12 to 
15cm long and accommodates an erect penis. 
During rectal intercourse, the penis dilates and 
displaces the anal sphincters from the usual 
positions. Continued stretching and 
displacement leads to problems in continence 
(control of gas and feces). While the vagina 
has a wide opening and lubricates itself, the 
anal canal is dry, requiring artificial 
lubrication. Chronic injuries occur when the 
patient continues rectal sex after an acute 
injury, without intervening treatment. These 
consist of chronic anal fissures, changes in 
continence, abscesses, fistulas, and 
hemorrhoids. 


Table 25.4: Problems of homosexuals. 


Item Problems 


Social Rejection by the society 


Rejection by the parents 


Encountering discrimination at school or job 


Fear of discovering one’s homosexuality in bisexuals 


Difficulties of leading a double life in bisexuals 


A sense of religious guilt 


Legal 
forces 


Interpersonal 
Sexual dysfunctions 


Homosexuality is illegal in most countries especially for members of the armed 


Homosexual couples may have interpersonal problems as heterosexuals do 
Homosexuals may develop sexual dysfunctions (inhibited desire, ED, female 


anorgasmia) as heterosexuals do 


Medical 


STDs 


gonococcal urethritis, 


Conventional STDs with features as in heterosexuals (gonorrhea, syphilis, non- 
chancroid, 


lymphogranuloma venereum, granuloma 


inguinale, herpes simplex, condyloma acuminatum, pubic lice, scabies) 


Conventional STDs with special features in homosexuals 


Gonococcal proctitis and pharyngitis 


Anal and oral chancre 


Non-gonococcal proctitis 


Anorectal herpes simplex 


Anorectal condyloma acuminatum 


STDs highly prevalent in homosexuals 


AIDS 
Viral hepatitis B 


Gay bowel syndrome 


Anorectal 
Rectal lacerations 
Anal fistulas 
Hemorrhoids 
Perirectal abscesses 


Changes in continence 


Acute and chronic anal fissures 


Habitual homosexuals practicing anal 
intercourse develop changes termed anus 
infundibuliformis: flattened perianal folds, an 
anal sphincter which is patulous and relaxed to 
the exploring finger but has strong 
contractility, and enlargement of the rectal 
ampulla. 


Treatment may be requested by some 
homosexuals. Those complaining of sexual 
dysfunctions (ED in males and anorgasmia in 
females) are treated with sex therapy 
techniques as described for heterosexuals, 
with few differences. Other homosexuals want 
to convert or revert to heterosexual function. 
These are treated with psychodynamic 
psychotherapy which may succeed if the 
patient is strongly motivated. 
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Mastur bation 


Masturbation (autoerotism, sexual self- 
stimulation) is a very common sexual practice 
in adult males and females. The incidence of 
masturbation in men declines progressively in 
post-adolescent years, although some men 
continue to masturbate sporadically 
throughout their adult lives even above age 60. 
In contrast to men, masturbation among 
women (single, married, widowed, or 
divorced) increases until middle age and 
thereafter remains constant. The frequency of 
masturbation, like that for sexual intercourse 
in the married, is on the average in the range 
of a few times per week, with a wide range of 
normal from a few times per month do once a 
day or more. 


People practice masturbation for several 
reasons (1) to relieve sexual tension, (2) to 
relieve non-sexual tension, and (3) presence of 
a psychopathology. Masturbation to relieve 
sexual tension is normal pre-maritally and in 
those married persons under certain 
circumstances. Occasional use of 
masturbation to relieve non-sexual tension 
caused by life stresses or insomnia is a 
common practice. Psychopathology leading to 
masturbation include : (1) sexual fears and 
inhibitions, (2) compulsive masturbation, (3) 

organic brain disorders, and (4) some 
sexual deviations (e.g. fetishists, transvestites). 


Masturbation may be sporadic, habitual, 
or compulsive. Sporadic masturbation is 
normally used by adult males and females to 
relieve sexual and non-sexual tension. Women 
may use masturbation to relieve peri- 
menstrual sexual tension and tension resulting 
from unattained orgasm during sexual 
intercourse. Habitual chronic masturbation, 
sometimes amounting to daily masturbation, 
occurs in some men who become habituated to 
relieve their non-sexual tensions by this 
method despite they are married and have also 
a satisfactory marital coital relationship. These 
men do not have guilt sensation over their 
masturbation, obtain gratification from the act, 
do not develop symptoms of congestive 
chronic prostatovesiculitis, do not seek for 
medical advice and no treatment is usually 
needed. Compulsive masturbation occurs in 
some men who have chronic anxiety. These 
men have much guilt and conflict about their 
habit, do not feel gratification, and are prone 
to develop ED or congestive chronic 
prostatitis. Treatment of chronic anxiety with 
tranquilizers may give good results. 


Masturbation by married individuals 
may be normal or abnormal. Normal 
masturbation during marriage can be due to 
(1) deprivation of the partner (ill, absent, 
postpartum period, etc), (2) unequal levels of 
sexual desire (fear of rejection if making 
excessive sexual demands), (3) during periods 
of peri-menstrual tension and anorgasmic 
coitus in women, and (4) to relieve non-sexual 
tension from any cause. Abnormal 
masturbation during marriage is present if it 
occurs as a substitute for sexual intercourse 
despite presence of available heterosexual 
relationship. The causes include: (1) non- 
sexual marital conflicts, (2) sexual 
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dysfunctions, (3) sexual dissatisfaction with 


the partner and, (4) presence of a 
psychopathology. Marital non-sexual conflicts 
may lead to sexual withholding and 


substitution by masturbation. A sexual dys- 
function may lead to masturbation in the 
patient or his partner. A patient with 
premature ejaculation or ED may limit himself 
to masturbation and the partner may treat her 
frustration by masturbation. Masturbation may 
be used by some premature ejaculators before 
coitus to delay their coital ejaculation. 


Sexual fears and inhibitions may lead to 
use of masturbation as a substitute for sexual 
intercourse in marriage. Damage to self- 
esteem in non-sexual areas e.g. job, can 
diminish self confidence and cause withdrawal 
from interpersonal intimacy. Rarely, an 
organic brain lesion such as neoplasm, 
epilepsy, or neurosyphilis may first signal its 
presence by alteration in sexual behavior e.g. 
compulsive masturbation. 


Most medical complaints about 
masturbation occur by adolescent men. These 
Should be reassured about normalcy of mas- 
turbation as a method of sexual release in the 
non-married individuals since it is a 
substitution for otherwise non-preferred coital 
activity and so long as masturbation is done 
with a reasonable frequency according td 
personal true sexual urge. Abnormal marital 
masturbation may need marital sex therapy 
and, if due to a psychopathology, it is treated 
according to the cause. 


Incest 


Incest is sexual intercourse between two 
members of the immediate family i.e. father- 
daughter, father-son, mother-son, and brother- 
sister. Sexual relations between step-parents 
and step-children are also considered 
incestuous. Incest is prohibited by law, 
tradition, and religion. Besides disruptive 
effects on the family, the incidence of 
congenital anomalies and hereditary disease is 
very high. Deleterious recessive mutation is 
four times higher than in the high-risk first- 
cousin marriages. Most of the cases of incest 
probably go undetected, presumably because 
of the general shame and embarrassment of 
the involved family. 


Various factors may contribute to the 
occurrence of incest including alcoholism, 
overcrowding with shared beds or bedrooms, 


major mental Illness, and intellectual 
deficiencies. Incestuous families are 
characterized by discord, lax sexual morality, 
and illegitimate births. The sexual 
relationships of the parents is often un- 
satisfactory. Brother-sister incest is the 
commonest type of incest while mother-son 
incest is uncommon. Father-daughter incest 
has the most disruptive effect on the family. In 
one study, 75% of prostitutes had been the 
victims of incest. 


The first step in the treatment of in- 
cestuous behavior is its disclosure to the 
family members. Incest, thus, becomes less 
likely to recur. Family therapy with external 
control is useful to reestablish the family as a 
functioning unit and to develop healthier role 
definitions for each member with teaching 
about more appropriate methods of gratifying 
their sexual needs. When the participants 
suffer from psychiatric illness, they should be 
treated accordingly. 


Exhibitionism 


Exhibitionism is the exposure of one’s 
external genitalia to a stranger with the aim of 
obtaining a psychological response in the 
observer. Most exhibitionists are males. Most 
exhibitionists expose themselves to 
preadolescent or adolescent girls while others 
choose adult women. Exhibitionism should be 
differentiated from other causes of indecent 
exposure which include: (1) drunken men, (2) 
psychosis (schizophrenia, mania), and (3) 
mental deficiency. Exhibitionists are not 
dangerous since they do not go beyond the act 
of sexual exposure and do not seek for sexual 
contact. They may be married and have 
children. The commonest age is the twenties, 
though some continue exhibitionism up to 
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their fifties. 


The aim of the exhibitionist may be 
sexual or nonsexual or both. Sexual pleasure is 
obtained through masturbation with an erect or 
flaccid penis and sexual stimuli are obtained 
from the female reaction. Nonsexual pleasure 
is obtained via involvement in a situation in 
which he feels dominance and control. The 
emotional reaction occurring in the challenged 
female (fear, anger, disgust, curiosity) is 
essential for the exhibitionist to obtain the 
aimed pleasure. Total indifference by the 
female is disliked by the exhibitionist since 
this would not satisfy his aim. The exhibi- 
tionist may or may not masturbate during the 
act of genital exposure. Some exhibitionists 
are impotent or have other sexual problems. 


Voyeurism 


Voyeurism is obtaining sexual gratifica- 
tion by observing others engaged in sexual 
activity or in the act of undressing. He usually 
masturbates during the process. The typical 
voyeur is a relatively passive individual with a 
low sense of self-esteem and doubts about his 
masculinity. He may be either sexually 
functional or dysfunctional in heterosexual 
situations. Voyeurism may be occasional or 
compulsive. Occasional voyeurs yield to the 
impulse of voyeurism only at rare intervals. 
Compulsive voyeurs actively seek for chances 
of voyeurism several times weekly. Although 
the usual pattern of voyeurism is secret sexual 
looking and involves males observing females, 
other patterns exist. Homosexual males may 
practice voyeurism by secretly looking at 
other males. Also, the voyeur may arrange an 
act of sexual activity that he can observe with 
the consent of the participants which may be 
his wife or a prostitute. 


Section 5: Other male sexual disorders 


Chapter 26: Other aspects of male sex 


Male contraception 
Sperm production 


Spermatogenesis can be subdivided into 
four major steps, namely, mitosis, which is the 
multiplication of spermatogonia; meiosis 
(reduction division), which reduces the 
chromosome number from diploid to haploid 
(The cells, now called “primary 
spermatocytes", divide to form secondary 
spermatocytes, and then divide again to form 
round spermatids.); spermiogenesis which is 
the transformation of the round spermatid into 
the complex structure of the spermatozoon; 
and spermiation, during which the 
spermatozoa are released into the lumen of the 
seminiferous tubule. 


Sperm Transport, Storage, and Maturation 


After spermatozoa have been released 
into the lumen of the seminiferous tubules, 
they are transported to the rete testis and pass 
through the epididymis. During this passage, 
spermatozoa undergo multiple changes in their 
membrane composition and in their metabolic 
activity, resulting in activation of motility. 
Spermatozoa are stored in the epididymis and 
in the ampulla of the vas deferens. During the 
first fraction of ejaculation, these spermatozoa 
are expelled together with the secretions of the 


prostate, and the second fraction of the 
ejaculate contains mostly the secretory 
products of the seminal vesicles. The 


ejaculation process is controlled by the 
sympathetic nervous system, and the activity 
of the accessory sex glands is androgen 
dependent. 


Hormonal control of spermatogenesis 


In addition to sperm production, the testes 
produce steroid hormones. Spermatogenesis 
and steroidogenesis take place in two 
compartments that are morphologically and 
functionally well distinguished from each 
other: the tubular compartment, consisting of 
the seminiferous tubules, and the interstitial 
compartment between the seminiferous 
tubules. Although anatomically divided, both 
compartments are functionally connected to 


[249] 


each other, and their integrity is necessary for 
quantitatively and qualitatively normal 
spermatogenesis. 


The function of the testis and thereby also 
the function of its compartments are primarily 
influenced by the hypothalamus and the 
pituitary gland, whereas at the testicular level, 
various local regulators (paracrine and 
autocrine factors) modulate the endocrine 
hormone actions in somatic and gamete cells 
directly. 


Pulsatile secretion of gonadotropin- 
releasing hormone (GnRH) from the 
hypothalamus stimulates the production and 
release of the gonadotropins, luteinizing 
hormone (LH), and __follicle-stimulating 
hormone (FSH) by the pituitary. LH stimulates 
Leydig cells to produce high levels of intra- 
testicular testosterone (T). Intra-testicular 
levels of T are several folds greater than in 
the systemic circulation. T in blood exerts a 
negative feedback on the hypothalamus, where 
it is aromatized to estradiol. 


Sertoli cells play a pivotal role in the 
initiation and maintenance of spermatogenesis. 
Their function is stimulated mainly by FSH. In 
response to FSH, Sertoli cells secrete, among 
many other substances, inhibin B, which, in 
turn, is part of the negative feedback loop 
regulating FSH secretion. The integrity of the 
spermatogenic process appears to be a second 
fundamental component in the regulation of 
inhibin B secretion from the testis. 


A much-debated subject is the relative 
importance of FSH and LH/intra-testicular T 
for the initiation and maintenance of human 
spermatogenesis. Studies indicate that either 
hormone can solely initiate or maintain 
spermatogenesis to some extent. Both 
hormones, however, are needed for the 
initiation and maintenance of a quantitatively 
and qualitatively normal spermatogenesis 
compatible with normal fertility. 


Hormonal contraception 


Because spermatogenesis is under tight 
hormonal control, the hormonal approach via 


the suppression of pituitary gonadotrophins, 
and as a result suppression of LH/ intra- 
testicular T and FSH production, has been 
used to develop clinically applicable 
contraceptives for men. Studies from the 
World Health Organization (WHO) indicate 
that a sperm concentration below 3 
million/mL is acceptable since the pregnancy 
rate is 1.4/100 years, which is similar to that 
obtained from the female contraceptive pill. 


Androgens Alone 


Several forms of T have been tested as a 
male contraceptive including intramuscular 
injections of T, both short-acting preparations 
such as T enanthate (weekly injections) as 
well as long-acting preparations (T buciclate, 
T undecanoate) and subcutaneous T and 70- 
methyl-19-nortestosterone implants. Several 
studies indicate that high normal or supra- 
physiological levels of androgens are needed 
to achieve acceptable suppression of 
spermatogenesis. Moreover, trials by the 
WHO revealed that azoospermia could be 
achieved in more than 90% of Asian men, but 
in only approximately 60% of Caucasian men. 
The remaining men maintain a low rate of 
spermatogenesis. These high levels of 
circulating T result in unacceptably frequent 
side effects, including weight gain, 
gynecomastia, lowering of high-density 
lipoprotein (HDL) cholesterol concentration 
and potentially increased risk of atherogenesis, 
and adverse effects on the prostate. 


Combined Therapy 


In this approach, non-androgenic agents 
were used to suppress pituitary 
gonadotrophins including progestins, 
progestin in combination with antiandrogen, 
oestrogens, and GnRH analogues (both 
agonists and antagonists). To counteract the 
side effects of the resultant systemic hypo- 
androgenism, exogenous T supplementation is 
added. This aims at achieving adequate 
physiological levels of T in peripheral 
circulation to maintain essential extra-gonadal 
androgenic actions including secondary sex 
characteristics, sexual function, bone, muscle, 
and hematopoiesis. Of these combinations, the 
androgen-progestin treatment regimens are the 


most extensively studied and the most 
promising. 
Recently, the International Hormonal 
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Male Contraception Summit Group reviewed 
its combined data to demonstrate that 
androgen-progestin contraceptive regimens 
(1) can be widely applied in men of differing 
ages, ethnicity, and other baseline 
characteristics; (2) are superior to androgens 
administered alone and compare favorably 
with vasectomy in terms of time of onset of 
contraceptive action; and (3) allow 
spermatogenesis to fully recover to levels 
consistent with normal male fertility in all men 
after cessation of androgen with and without 
progestin treatments. 


Similarly, a recent double-blind, 
multicenter study assessed spermatogenesis 
suppression and safety of a new combination 
of etonogestrel subcutaneous implants 
combined with T undecanoate injections for 
male contraception using six different dose 
regimens. The study is the first large placebo- 
controlled study for male hormonal 
contraception. From six European countries, 
354 healthy men were randomized to receive 
either a low- or high-release etonogestrel 
implant, SC, combined with intramuscular T 
undecanoate injections (750 mg every 10 or 12 
weeks or 1000 mg every 12 weeks) or placebo 
implant and injections. Treatment duration 
was 42 or 44 weeks and post-treatment follow- 
up at least 24 weeks. Overall, spermatogenesis 
was suppressed to 1 million/mL or less at 
week 16 in 89% of men. Suppression was 
maintained up to the end of the treatment 
period in 91% of men. For all men who 
completed the treatment period, 3% never 
achieved a sperm concentration of 1 
million/mL or less. Median recovery time to a 
sperm concentration of greater than 20 
million/mL was 15 weeks. Although therapy 
was well tolerated, more men in the active 
treatment groups reported adverse events such 
as weight gain, mood changes, acne, sweating, 
or libido change. For both spermatogenesis 
suppression and safety, differences were small 
between the six active treatment groups. 
Despite this impressive progress, the authors 
indicate that this method of male hormonal 
contraception needs further refinement. 


Factors affecting the recovery of 
spermatogenesis 
Although the reversibility of male 


hormonal contraception is well established, 
few data are available on factors affecting the 


speed of recovery of spermatogenesis. A 
multivariate analysis of the literature showed 
higher rates of recovery of spermatogenesis 
after cessation of hormonal contraception with 
older age, Asian origin, shorter treatment 
duration, shorter-acting T preparations, higher 
sperm concentrations at baseline, faster 
suppression of spermatogenesis, and lower 
blood concentrations of LH at baseline. 


The Non-suppressibles 


Intra-testicular androgenic bioactivity was 
found to be three times higher than that of 
intra-testicular T during contraception 
treatment with T enanthate and levonorgestrel, 
suggesting that other androgens may be 
prevalent in the low  intra-testicular T 
environment. One possible compensation may 
be an increase in 5-Q-reductase activity within 
the testes, resulting in relatively higher intra- 
testicular levels of the more potent androgen 
dihydro T despite severe gonadotropin 
suppression, providing a possible explanation 
as to why spermatogenesis in some men could 
not be suppressed. Others have shown that 
after T enanthate administration there is a 
selective increase in 5-Q-reductase in those 
men who remain oligozoospermic but not in 
those who become azoospermic. 


Elevated end-of-treatment serum insulin- 
like growth factor-3, a marker of Leydig cell 
function, has been reported to be associated 
with failure to completely suppress 
spermatogenesis in men receiving male 
hormonal contraception. 


Mechanical contraception 
Vasectomy 


A review of the literature indicated that 
vasectomy is a simple and highly effective 
contraceptive method with a low morbidity 
rate and an extremely low mortality rate. 
Pregnancy rates associated with vasectomy are 
reported in the range of 0% to 2%, with most 
reporting <1%. Currently, the two most 
common surgical techniques for approaching 
the vas during vasectomy are the incisional 
method and the no-scalpel technique. A recent 
review indicated that the no-scalpel approach 
to the vas resulted in less complications as 
well as a shorter operation time than the 
traditional incision technique. There was no 
difference in effectiveness between the two 
approaches. 
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Early complications, including hematoma, 
infection, sperm granulomas, epididymitis- 
orchitis, and congestive epididymitis, occur in 
1% to 6% of men undergoing vasectomy. The 
weight of the evidence regarding prostate and 
testicular cancer suggests that men with 
vasectomy are not at increased risk of these 
cancers. Although the pathogenesis of post- 
vasectomy pain syndrome is unknown, 
vasectomy reversal may provide effective 
relief in carefully selected individuals. 


Frequency of control semen analysis 


The presence of spermatozoa in the 
ejaculate or in urine during the first few 
months and up to one year after vasectomy is 
common and does not necessarily indicate 
vasectomy failure. Spermatozoa remaining 
within the male reproductive tract rapidly 
become immotile, often within a few days of 
the vasectomy operation and usually by three 
weeks. The patient has to be informed about 
the possibility of causing a pregnancy during 
this period and other contraceptive methods 
should be used if necessary. 


The Dutch Urology Association 
recommends clearing patients with less than 
100,000 immotile sperms per milliliter in a 
single semen sample 12 weeks after 
vasectomy. 


Recently, a home immunodiagnostic test 
kit (SpermCheck® Vasectomy) has been 
shown to be a simple test that can provide 
evidence of vasectomy success or failure with 
a sensitivity and specificity of 93% and 97%, 
respectively, offering an alternative to post- 
vasectomy monitoring by semen analysis. 


Fertility preservation and restoration 


With increasing divorce rates and the 
establishment of second relationships, the 
demand for fertility by vasectomy patients is 
increasing. 


The choice between vasectomy reversal 
and assisted reproductive techniques (ART) 
should consider whether the couple plans to 
have one or more children as well as the 
comparative costs of the two strategies. 
Vasectomy reversal appears more cost- 
effective than percutaneous testicular sperm 
extraction (TESE) and _ micro-epididymal 
sperm aspiration (MESA) for the treatment of 
obstructive azoospermia when the impact of 
indirect costs is considered. 


There is now consensus that with 
microsurgery the results of vaso-vasostomy 
are superior to those of other methods using 
less magnification, with patency rates of 
approximately 90%. Despite these high 
patency rates, spontaneous pregnancy rates 
may be lower than in normal couples because 
of testicular and epididymal changes and the 
development of antisperm antibodies. 
Careful monitoring of semen quality after 
surgery is mandatory to promptly identify 
patients who are likely to develop re- 
obstruction. Alternatively, testicular or 
epididymal spermatozoa can be used in ICSI, 
although studies show microsurgical 
vasectomy reversal to be more cost-effective. 
On the other hand, pregnancy can usually be 
achieved sooner after ICSI than after re- 
anastomosis. 


Other mechanical methods 


Abstinence during the fertile period and 
coitus interruptus (withdrawal before 
ejaculation) have unacceptably high failure 
rates. Male condom remains the most 
commonly used method of male 
contraception. Although male condom use is 
generally associated with unacceptably high 
failure rates of approximately 19% in 
inexperienced users, it is a fairly effective 
method of contraception among stable, 
experienced condom users with a failure rate 
of 0.8% to 4%. The use of male condom has 
the advantage of protecting against sexually 
transmitted diseases including HIV/AIDS, 
reducing the risk of HIV transmission by 
roughly 80%. 


The present situation 


For the time being, condoms and 
vasectomy remain the only widely available 
methods for male contraception. Despite a 
considerable progress in male hormonal 
contraception, further improvements on 
different levels are still needed. The most 
promising hormonal regimen to achieve this 
goal seems to be a combination of T and a 
progestin. Because of the recent advances in 
molecular biology and genetics, several target 
genes and proteins influencing sperm 
production and possible vaccines have been 
identified as a potential male contraceptive, 
such as indenopyridines, selective androgen 
receptor modulators, sperm-specific Na*/H* 
exchanger, and antibodies against eppin. 
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Male dyspareunia 


While dyspareunia is a very common 
complaint in females, pain related to coitus is 
an uncommon complaint in males. The pain 
may occur with erection, at vaginal 
intromission, during copulatory movements, at 
the time of ejaculation, or persists after the end 
of the sexual act. The pain may be experienced 
at the glans penis, external urinary meatus, 
penile skin, penile shaft, urethra, lower lack, 
perineum, or may be referred to the vasa, 
epididymides or testes. 


The causes of male dyspareunia are 
presented in table 26.1. Curvature of the penis 
during erection associated with pain may be 
due to cavernosal fibrous plaque of Peyronie’s 
disease (causes lateral and/or dorsal 
curvature), scar of frenulum (causes, ventral 
curvature of the glans penis), or chordee. The 
term chordee means a fibrous band leading to 
penile curvature on erection. Congenital 
ventral chordee occur with hypospadias and 
dorsal chordee occur with epispadias, leading 
to ventral and dorsal penile curvature during 
erection, respectively. Acquired ventral 
chordee without hypospadias and dorsal 
chordee without epispadias result from poorly 
performed circumcision with removal of too 
much skin proximal to the coronal sulcus. 


Chronic prostatitis is the most common 
cause of male dyspareunia and pain may 
occur during all stages of the sexual act as 
well as post-coitally. The pain may be mild or 
severe, localized to the prostate, and may 
radiate to other areas (urethra, perineum, shaft 
of penis, glans, meatus, lower lack). 
Inadequate vaginal lubrication is the 
commonest female cause of painful coitus in 
the male. Although it may be due to 
postmenopausal lowering of vaginal secretion, 
it is much more frequently due to inadequate 
foreplay. Allergic balanitis may occur with 
contact with (1) contraceptive creams, foams, 
and jellies, (2) externally applied lubricants, 
(3) vaginal douche preparations, (4) hygiene 
sprays and deodorants, (5) vaginal candidiasis, 
and (6) topical anesthetic creams applied on 
the penis to delay ejaculation. Irritant balanitis 
is due to individual intolerability of the 
naturally acidic pH of the vagina and occurs 
with different female sexual partners. Penile 
irritation during coital thrusting may occur 
from the tail of a wife intrauterine device 
which protrudes from the cervix into the 
vagina. 


Table 26.1: Types and causes of male dyspareunia. 


Type of pain Causes 


Pain on erection Balanitis 
Painful penile ulcers 
Curvature of penis 
Peyronie’s disease 
Congenital or acquired chordee 
Short frenulum 
Scar of frenulum 
Tear of frenulum or prepuce 
Phimosis 
Penile neoplasia 
Priapism e.g. sickel cell disease 
Referred pain to penis 
Chronic prostatitis 
Seminal vesiculitis 
Orchitis 
Epididymitis 
Pain on intromission Causes of pain on erection + wife factors 
Inadequate vaginal lubrication 
Vaginal anatomical abnormalities 
Congenital e.g. septate vagina 
Acquired: shortening, scarring or distortion by surgery or radiation 
Allergic balanitis 
Irritant balanitis 
Pain during copulation Causes of pain on erection + causes of pain on intromission + extragenital 
causes 
Musculoscletal 
Low back pain 
Spasm of back muscles 
Discs 
Arthritis of the hip 
Cardio-respiratory 
Angina during intercourse 
Respiratory distress during intercourse 
Pain during ejaculation Prostate 
Chronic prostatitis 
Prostate hypertrophy 
Prostate cancer 
Seminal vesiculitis 
Ejaculatory duct obstruction 
Urethra 
Anterior and posterior urethritis 
Meatitis 
Stricture 
Calculus 
Carcinoma 
Spasm of genital muscles during orgasm 
Psychogenic 
Postcoital pain Genital pain 
Causes of painful ejaculation 
Balanitis 
Priapism 
Rectal pain (proctalgia) 
Chronic prostatitis 
Painful rectal spasm due to: 
Anal fissure 
Cryptitis 
Anxiety 
Prolonged intercourse 
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Urethral pain associated with coitus may 
be due to meatitis, urethral problems, or 
chronic prostatitis. Meatitis may be 
mechanical (vigorous intercourse) or result 
from vaginal infection in the partner. The 
most common cause of urethral problems 
leading to male dyspareunia is urethritis 
which may be infective (specific or non- 
specific) or mechanical (e.g. vigorous coitus). 
Other urethral problems are rare and include 
stricture (after infection or trauma), 
diverticula (congenital or acquired). a urethral 
calculus within a diverticulum, or an early 
urethral tumor. Prostatic carcinoma causes 
pelvic pain which becomes accentuated by 
ejaculation. Spastic contraction of the 
prostate may occur in elderly men. The pain 
starts during the emission phase of orgasm 
and is effectively treated by testosterone 
replacement therapy. 


Normally, contractions of the anal 
sphincters occur during orgasm and are not 
painful. Painful rectal spasm may occur 
leading to postcoital proctalgia in presence of 
some factors e.g. anal fissure. Unlike 
ejaculatory pain of chronic prostatitis 
(commonest cause of ejaculatory pain) 
psychogenic ejaculatory pan is primarily 
urethral. It is usually due to depression and 
often responds to anti-depressants. 


Diagnosis of male dyspareunia needs a 
complete history-taking and genito-urinary 


examination and appropriate investigations. 
Treatment is according to the cause of pain. 


Apareunia (unconsummated 


marriage) 


Absence of coital activity in a marriage 
(apareunia, unconsummated marriage) may be 
due sex avoidance, failure of penile vaginal 
intromission due to a sexual dysfunction, or 
presence of mechanical factors obstructing 
coitus (Table 26.2). Apparently coitus is 
unwelcomed in presence of severely inhibited 
sexual desire. An erect penis cannot enter a 
vagina occluded by vaginismus and an anerect 
penis cannot enter a patent vagina. The penis 
in a man with untreated micropenis is too 
small to effect coital activity. Also a normal 
penis may be concealed or its activity is 
hampered if the man has marked genital 
elephantiasis. 


Imperforate hymen is a rare condition and 
is usually detected after puberty by complaints 
of amenorrhea and low pelvic pain resulting 
from accumulation of menstrual blood. For the 
majority, intercourse has not yet taken place. 
A firm hymenal ring partially closing the 
vagina is more common and may cause 
obstruction to coitus and is treated by dilators 
or simple excision. The hymen becomes thick- 
er and more rigid with increasing age and may 
obstruct penetration in the older virginal 
woman, needing incision or excision. 


Table 26.2: Causes of apareunia (unconsummated marriage). 


Mechanism Causes 


Voluntary avoidance of sex 

organic factors) 
Sexual dysfunction leading to Vaginismus 
failure of intromission 
Male factors 


coitus Micropenis 


Mechanical obstruction to 


Erectile dysfunction 


Inhibited sexual desire (in one or both partners due to psychogenic or 


Genital elephantiasis 


Female factors 
Congenital 


Hymen abnormalities 


Absent vagina 


Acquired 


Vaginal septum 
Vaginal atrophy 


Postmenopausal 
Post-castration 


Post-radiation 


Vaginal shortening (after vulval or vaginal cancer surgery) 
Narrow vaginal introitus (after repair of vaginal relaxation) 


Prolapsed uterus 


Congenital absence of the vagina is a rare 
condition which is usually associated with 
absent uterus due to incomplete development 
of the Miillerian ducts. There is a small dimple 
or short cavity originating from the urogenital 
sinus at the area normally occupied by the 
vaginal orifice. The patients have a normal 
female habitus, normal functioning ovaries, 
with urinary tract abnormalities. Treatment is 
by creation of artificial vagina either by 
dilatations or by surgical formation of a 
vaginal canal. Congenital transverse vaginal 
septum is a condition where union and 
canalization of the lower part of vaginal cord 
and upper part of urogenital sinus have failed 
in formation of a complete vaginal cavity. A 
vaginal septum can be located at different 
levels of the vagina, but usually in the upper 
third. The septum may be thick or thin and is 
removed by excision. Acquired vaginal 
septum is much more common being caused 
by the residua of a torn hymen and is treated 
by simple excision. 


Vaginal atrophy results from decreased 
estrogens following menopause, castration and 
from radiation therapy for pelvic cancer. The 
vagina may become stenotic, with decreased 
length and distensibility, and covered by dry 
and thin vaginal mucosa. Peri-vaginal 
congestion and vaginal lubrication in response 
to sexual stimulation decreases. Dyspareunia 
occurs and in severe cases there is difficulty 
with intromission. Treatment is achieved with 
regular coitus and application of vaginal 
estrogen cream. 


Vaginal shortening may result from 
radical pelvic cancer surgery and can be 
treated with dilatation. Vaginal narrowing, 
especially of the outlet, may result from a too 
enthusiastic repair of vaginal relaxation. 
Surgical retreatment may be needed. With 
marked uterine prolapsed, the occluded vagina 
will not permit penile intromission or 
thrusting. Surgery is needed. 


Sexual dissatisfaction 


Sexual satisfaction means content with - 
and enjoyment of the sexual relationship with 
the partner. Sexual dissatisfaction is often 
present in patients having sexual dysfunctions 
and can also be present in sexually functional 
patients. Patients with sexual dysfunctions 
may present initially with dissatisfaction with 
their sexual life but soon disclose their sexual 
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dysfunction. The term sexual dissatisfaction is 
therefore reserved for patients with a sole 
complaint of dissatisfaction despite normal 
mechanics of sexual functioning and intact 
aspects of the sexual response (desire, arousal, 
orgasm). 


Sexual dissatisfaction may result from the 
following causes: 


Marital discord: Marital discord due to 
nonsexual reasons can disturb any aspect of 
the sexual relationship including sexual 
interest, sexual functioning and sexual 
satisfaction. Even if the partners may not be 
sexually dysfunctional, they are usually 
sexually dissatisfied. These patients are treated 
with marital therapy to improve their marital 
relationships. 


Anti-sexual behavior: Creation of pressure 
and tension before the act, or improper timing 
of the act, or making oneself repulsive, or 
resisting the partner’s sexual desires and 
preferences can lead to frustration and sexual 
dissatisfaction. These patients are treated by 
sex education. 


Sexual misuses: When one partner misuses 
sexual intercourse e.g. sex as a duty, for 
dominance, or as a proof of loyalty, the other 
partner is likely to be sexually dissatisfied. 


Bad sexual techniques: 


Automatic sex: Sex is practiced as a 
mechanical function. Foreplay is too short or 
absent. Emotional interchange during the act is 
deficient. A woman may lie motionless as if 
she were a mattress and a man may move as if 
he were fighting in a war. These patients need 
sex education. 


Routinized sex: Novelty, excitement, 
discovering one another, variation, and 
experimentation all fuel the important role sex 
plays early in marriage. As years pass, 
however, many couples feel they have 
explored all the sexual alternatives acceptable 
to them. Others are literally bored with 
making love with the same techniques and the 
same partner year after year. These couples 
are encouraged to try variations in lovemaking 
setting (music, different rooms of the house, 
etc..), time (morning, lunch time, early 
evening, late evening), non-intercourse 
stimulation, and different positions for 
intercourse. 


Loss of physical attractiveness: This may 
occur with age. Men, especially, tend to 
depend upon physical attraction for sexual 
arousal. Methods to increase attractiveness 
may be suggested e.g. clothes, perfumes, loss 
of overweight, oral hygiene, etc.. 


Unrealistic expectations: Some persons think 
sex should be fantastic or exciting as in 
movies. This can make their normal enjoyable 
sexual exchange seem ordinary or boring. 


Penile size 
Penile measurements 


According to Dickinson's study of penile 
measurements of 1500 adult males the flaccid 
penis averages 10cm in length with a range of 
6 to 11l.5cm. The average flaccid 
circumference is 8.5cm with a range of 7.5 to 
10.5cm. The average erect adult penis 
measures 15.5cm in length with a range of 12 
to 21cm. Circumference of the erect adult 
penis averages 1lcm with a range of 8.3 to 
12cm. Kinsey reported 3500 self- 
measurements, and the results correlated 
closely with those documented by Dickinson. 
In the latter study 90% of the measurements of 
the erect penis length were between 12.5cm 
and 19cm. In the Kinsey report, 94% of these 
measurements were in the same range while 
3.2% of the men having an erect length less 
than 12 cm and 2.8% having a length more 
than 19 cm (Table 26.3). 


Methods of measuring erection 


Erect measurement: Penile length is 
measured with a ruler, along the dorsal 
surface, in a straight line from skin surface of 
the penopubic junction to the tip of glans. 
Circumference is measured by tape, at 
midshaft. 


Flaccid measurement: Although flaccid 
size can vary with prevailing conditions, fully 
stretched flaccid length permits a fair estimate. 
Measurement is dorsal by tape. Applicable is 
the Schoenfeld-Beebe equation 


Y = -0.0095 + 0.985 X 


where Y is erect length and X is stretched 
flaccid length. 


The two types of flaccid penises 


Masters and Johnson (1966) measured the 
penises of 80 men. The first group (40 
subjects) averaged 8 cm when flaccid (range 
7.5 to 9 cm) and 16 cm when erect (range 15 
to 17 cm). The second group averaged 11 cm 
flaccid (range 10 to 11.5 cm) and 18 cm erect 
(range 17 to 19 cm). Thus smaller penises 
increase in size relatively more (about 100%) 
than large penises (about 50%) when fully 
erect. Hence the range of length of erect 
penises varied less than that of flaccid penises. 
However, small flaccid penises when erect 
were still slightly smaller than large flaccid 
penises when erect. 


Table 26.3: Measured length of erect penis in 3500 males. 


Length in cm % of men 
9.3 0.2 
10.0 0.3 
10.6 0.2 
11.2 1.7 
11.8 0.8 
12.5 4.2 
13.1 4.4 
13.7 10.7 
14.3 8.0 
15.0 23.9 
15.6 8.8 
16.2 14.3 
16.8 5.7 
17.5 9.5 
18.1 1.8 
18.7 2.9 
19.3 1.0 
20.0 1.0 
20.6 0.3 
21.2 0.3 
21.8 0.1 
22.5 0.1 
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Shape and angle of erection 


Slight upward arching of the penis is 
normal. Pronounced arching (prow type) is 
usually combined with a characteristically 
shaped glans and is a congenital trait in some 
men. A slight lateral curvature, more often to 
the right, is frequent and has no clinical 
significance; it may be due to the shape of the 
crotch of men’s trousers. The angle of erection 
in most adult men is 20° to 40° to the horizon 
when standing up and at the height of arousal. 
Angles of up to 50° are not rare, however, nor 
are near-horizontal and near-vertical positions. 
As age advances, the angle of erection 
generally decreases progressively to the 
horizontal and in later ages to below 
horizontal positions. The penile erect angle, 
however, is not related to sexual potency. 


Factors affecting penile size 


The maximum size of the penis at full 
maturity is genetically determined for each 
individual. Penile size is not increased by 
excessive or early-started sexual activity, nor 
is it decreased by sexual continence. There is 
little correlation between body size and penis 
size; a very tall, large man may have a smaller 
penis than a short, thin man. 


Variations in penile size 
males 


among different 


Physiological variations: Like measure- 
ments of other body structures, few men 
(3.2%) have a physiologically normal small 
erect penis (less than 12 cm), few others 
(2.8%) have a physiologically normal large 
erect penis (more than 19 cm), while the 
majority of men (94%) have a median length 
(12 to 19 cm). 


Pathological variations: In micropenis, 
caused by androgen deficiency, penile length 
is less than 6 cm. In megalo-penis, usually 
occurring in acromegalics, penile length is 
more than 25 cm. The greatest recorded length 
was 35cm. 


Variations in size of the same penis 


Angle of looking: When one looks down at 
one’s own penis, it tends to appear smaller 
than when it is viewed by oneself in a mirror 
or by another person. This is a matter of 
simple geometry giving a false visual 
impression when looking to oneself or to other 
penises e.g. in the shower room. 
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Variations in the flaccid state: The size 
of flaccid penis can vary from day to day in a 
given individual and at any one time may be 
misleading or atypical for that individual 
Penile size vary greatly as a result of changes 
in temperature and emotional influences. The 
effects of cold whether and of nervousness on 
penile size are similar. 


Variations in erect state: The size at 
erection in the same individual need not 
always be the same. Erection is a vascular 
phenomenon also influenced by environmental 
and psychological factors. (Cold causes 
decrease of penile size as a body defense to 
conserve body heat. Poor erection can occur 
with inadequate sexual stimulation or after 
repeated successive sexual acts. 


Penile shrinkage in adults 


Disuse atrophy does not occur in the 
penis. However, some degree of atrophy 
occurs in the sexual organs, including the 
penis, in cases of loss of testosterone or 
presence of excess estrogens. Aging and 
atherosclerosis can also cause some penile 
atrophy. 


Penile size, male sexual adequacy and female 
sexual satisfaction 


Penile size is a minor factor in sexual 
stimulation of the female partner, so that 
male sexual adequacy is not related to penis 
size. A man with a larger or thicker penis is no 
more effective in intercourse because of penis 
size than a man with a smaller penis. It is the 
quality rather than the quantity which counts. 
The length of the penis is not an index to 
coital efficiency since minimal penetration is 
required to stimulate the highly erogenous 
female zones i.e. labia, introitus and clitoris. 
The interior of the vagina is relatively insen- 
sitive and, moreover, during advanced sexual 
excitation, the vaginal walls relax and balloon 
upwards and can lose contact with the penis. 
Furthermore, the accommodative reaction of 
the vagina, which is a potential rather than a 
fixed cavity, assures adequate grasping effect 
upon penises of different thickness, at least in 
the early stages of coitus before the inner 
vagina expands to minimize contact regardless 
of penile size. 


Men’s reactions to their penile size 


Men with physiologically small penis: 
Variable attitudes. Some men can accept the 


size and proceed into a satisfactory sexual 
relation (normal marriage), others avoid all 
sexual relations (abstinence) and others 
indulge in sexual relations with many partners 
as a proof that their penis is “mighty good” 
despite its smaller size (promiscuity). 


Men with physiologically large penis: 
May complain that it causes dyspareunia to 
partner. Simple reassurance and education 
regarding ample foreplay to produce adequate 
lubrication is enough. 


Micro-phallo-neurosis: Many males, 
especially in the young age group, are con- 
cerned about their penile size and feel that it is 
too small. Apart from definite hormonal or 
chromosomal disturbances, where the patient 
usually has other complaints, the feeling of 
having too small a penis represents a 
psychological, not a physical, problem. The 
vast majority of these cases have a penis size 
within the physiological range. Most of these 
are usually helped by explanation and reas- 
surance. However, some patients, despite 
having a normal-sized penis, still remain 
convinced that it is too small. Irrational fears 
of having too small a penis may reflex 
unconscious castration anxieties or 
punishment for incestuous wishes. These cases 
are helped only by psychotherapy. 


Women and penile size 


Women attitudes towards penis size: Most 
women enjoy coitus with a man they are fond 
of regardless of penile size. However, few 
women have a definite preference in size. 
Some women mistakenly equate a large penis 
with greater sexual prowness and therefore 
prefer it. Some women have inadequate 
vaginal lubrication, or senile vaginitis, and 
they prefer a small penis as it causes less pain. 


Women concern about a too large penis: 
This reflects anxiety about whether 
penetration will be possible or whether it will 
be painful Actually, the vagina is distensible, 
and it may be helpful to remind that if a baby 
can get out, a penis can get in. Moreover, in 
addition to the natural lubrication during 
sexual arousal, an involuntary expansion and 
lengthening of the vagina also takes place. 
Sexual arousal helps the vagina to prepare 
itself for accommodation of the penis and a 
prolonged foreplay is helpful in these cases. 


Women’s contributions to men’s belief of 
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having small penis: Penises of any size can 
cope with a normal sexual function if the 
partner is normal. A man’s feeling of having a 
small penis can arise due to female factors as 
lax vagina or over-lubrication. 


Sex counseling 
Introduction 


People consult sex clinicians because they 
either have a sexual disorder or to obtain valid 
sexual information. Sexual disorders usually 
need a thorough diagnosis and a treatment 
which is either lengthy and includes many 
office visits (e.g. sex therapy) or is special 
(e.g. penile prostheses, drug therapy, etc..). 
These sexual disorders include (1) disorders of 
sexual differentiation, (2) disorders of sexual 
maturation, (3) disorders of the sexual 
response, (4) disorders of the sexual act, and 
(5) disorders of sexual orientation. 


People visiting sex clinics to obtain 
sexual information usually need a brief sex 
counseling which can be covered in a single or 
few visits. 


Marital counseling 


Consultation about some aspects of the 
sexual act 


e Duration of sexual intercourse. 

e Frequency of sexual intercourse. 
e Coital positions. 

e Female orgasm. 


e A complication of the act cg. coital headache 
or genitourinary injury. 


Consultation about some sexual habits or 
preferences 


e.g. masturbation, oral sex, daytime sex, 
etc. 


Consultation about some aspects of marital 
sex 


¢ Defloration and honeymoon. 


e Sex during menstruation, pregnancy and 
post-partum. 


e Infertility and contraception. 
e Sexual abstinence. 
e Masturbation. 


¢ Sexual boredom or dissatisfaction. 


e Female sexual hygiene. 

Sexual misunderstandings and myths 

e Penile size. 

e Nocturnal emissions. 

e Mutual orgasm. 

e Prostatorrhea. 

e Duration and frequency of the sexual act. 


e Effect of food, drugs, medical illness and 
surgery on sexuality. 


e Effects of aging on sexuality. 
Premarital counseling 


The aim of premarital counseling is to 
disclose any contraindication to marriage 
(medical, psychological, genetic), to assess 
suitability for sexual and reproductive 

functioning, and to offer basic sex 
information and guidance. 


General health examination 


To assess physical suitability for 
marriage. Some diseases are relative contra- 
indications and should be controlled or other- 
wise discussed before marriage. These 
include: 


Major medical illness: e.g. heart disease, 
pulmonary tuberculosis, systemic LE, etc. 


Genetic disease: In cousin marriages 
careful search for hereditary disorders is 
indicated since latent deleterious traits may 
appear in the couple’s future offsprings. 


Obstinate psychiatric illness: e.g. 
Obsessive-compulsive neurosis, manic- 
depressive psychosis, schizophrenia, alcohol 
or drug addiction. 


Sexually-transmitted diseases: A history 
and examination for urethral discharge or 
vaginal discharge is obtained. 


Patients having genital herpes simplex are 
advised to use condoms during the active 
periods of the infection. 


Local genital examination: Males are 
asked about erection, ejaculation, nocturnal 
emissions and masturbation. Penile and 
testicular size are assessed and the scrotal 
contents are examined. Features of 
hypogonadism, if present, are reported. A 
semen analysis is advised. 
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Sex information and guidance 


Assess the person’s knowledge about 
external genital anatomy and performance of 
the sexual act. Some persons have no previous 
experience and are totally ignorant about these 
aspects and should be informed. 


Assess the presence of sexual fears, 
inhibitions, or dysfunctions. These should be 
explained or managed before marriage. 


Provide information about defloration and 
the honeymoon. Some persons are anxious 
about the pain and hemorrhage of defloration. 
Any fear of injuring a bride of small stature, or 
worries about having too small a penis for a 
woman of long stature can be disclosed during 
counseling. 


Frequently, it may be advisable to suggest 
that the first evening’s intimacies be limited to 
petting. Even where eventually disregarded, 
such an advice tends to ease the anticipatory 
apprehensions. Where the physician 
anticipates fatigue, strained or uncomfortable 
overnight accommodations, extreme 
apprehension in either spouse, emotional 
resistance in the bride or labile potency in the 
groom, the advice to delay intromission may 
be particularly helpful. 


People who first marry at middle or 
advanced age need special advices. For 
women, intercourse may be painful and she is 
advised to use an artificial lubricant or 
anesthetic cream initially. Topical estrogen 
cream may be needed later. The hymen in 
middle-aged virgins may be tough and 
hymenotomy may be indicated to spare 
frustration. Because of loss of tonus of the 
peri-vaginal muscles, Kejel exercises may be 
helpful for sexual purposes. 


Middle-aged grooms should be informed 
about the physiological changes of aging. 
They can now perform satisfactorily and 
should not bother themselves by a slower 
erection, less vigorous ejaculation, or lessened 
sense of urgency to attain climax. 


Medical contr aindications to coitus 
Gynecologic contraindications 


e During pregnancy: Presence of bleeding, 
history of premature labor. 


e After gynecologic operations until healing 
occurs. 


e Severe vaginitis or vulvitis. 


e Acute and chronic pelvic inflammatory 
disease. Pelvic congestion of sexual 
excitement may contribute to persistence of 
infection and even to exacerbations. 


e Untreated cancer cervix to avoid traumatic 
bleeding. 


Cardiac contraindications 


e During first six weeks after myocardial 
infarction. 
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e Uncontrolled heart failure. 
Genitourinary contraindications 
e Sexually transmitted diseases. 


e Acute lower genitourinary infection: Acute 
cystitis in both sexes, acute prostatitis, acute 
and subacute epididymitis, acute balanitis. 


After male genitourinary surgery until 
recovery e.g. circumcision, vasectomy, 
prostatectomy, etc.. 


Section 6: Female sexual dysfunction 


Chapter 27: Female sexual anatomy and physiology 


Female sexual anatomy 
Introduction 


An understanding of female pelvic 
anatomy and physiology is essential to 
evaluate and treat female sexual dysfunction. 
Although female pelvic anatomy comprises a 
continuum of organs interrelated in structure 
and function, it is helpful to group them into 
two categories: external and internal genitalia. 
The organs of the external genitalia are 
collectively known as the vulva which is 
bound anteriorly by the symphysis pubis, 
posteriorly by the anal sphincter, and laterally 
by the ischeal tuberosities. The vulva consists 
of the labia, inter-labial space, clitoris, and 
vestibular bulbs. The internal genitalia consist 
of the vagina, uterus, fallopian tubes, and 
ovaries. 


Vagina 


The vagina is a midline cylindrical organ 
that connects the uterus with the eternal 
genitalia, usually measuring 7 to 15cm in 
length depending on the position of the uterus. 
It can dilate easily and expand for intercourse 
and childbirth. Posteriorly, the cervix, the 
rounded neck of the uterus, projects into the 
space known as the vaginal vault or fornix. 
Anteriorly, two folds of sensitive tissue, the 
labia minora (inner lips), surround the opening 
of the vagina and are protected further by the 
larger folds known as the labia majora (outer 
lips). The labia minora enclose an area called 
the vestibule, which contains the clitoris, the 
urethral opening, and the vaginal opening. The 
portion of the labia minora that covers the 
clitoris is known as the prepuce, or the clitoral 
hood. The labia minora contain erectile tissue, 
the vestibular bulbs, which resemble the 
corpus spongiosum of the penis. During sexual 
arousal, both the clitoris and the labia minora 
become engorged, consequently becoming 
everted, exposing their inner surfaces. 


The wall of the vagina consists of three 
layers: an inner aglandular mucous membrane 
epithelium, an intermediary, richly supplied, 
vascular muscularis layer, and an outer 
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adventitial supportive mesh. Vaginal mucosa 
is a mucous type, stratified, non-keratinized, 
squamous cell epithelium that undergoes 
hormone-related cyclical changes during the 
menstrual cycle. The middle muscularis layer 
is highly infiltrated with smooth muscle and 
an extensive tree of blood vessels, which 
engorges during sexual arousal. The 
surrounding outer fibrosa layer provides 
structural support to the vagina. It is composed 
of elastin and collagen fibers, which allow for 
expansion of the vaginal vault during sexual 
arousal and childbirth. 


The vestibule of the vagina, consisting of 
the fourchette and the inner surfaces of the 
labia minora up to and immediately adjacent 
to the urethra, has a portion of mucous 
membrane that consist of tiny, numerous 
mucous-secreting glands (minor vestibular 
glands). Inflammation of his area can become 
s source of pain and is associated with vulvar 
vestibulitis. 


The vagina has many ruggae, which are 
necessary for the distensibility of the organ 
and are more prominent in the lower third of 
the vagina. Smaller ridges increase frictional 
tension during intercourse. There is an 
abundance of nerve fibers in the anterior distal 
vagina, as compared to the more proximal 
part. When performing bladder suspension 
procedures and vaginal hysterectomies, it is 
important to recognize this area of increased 
innervation for potential damage, because it 
plays an important role in sexual function. 
Furthermore, patients should be informed 
preoperatively of the potential of sexual 
dysfunction after pelvic surgical procedures. 


During sexual arousal, genital 
vasocongestion occurs as a result of increased 
blood flow. The vaginal canal is lubricated by 
secretion from: (1) uterine glands, (2) minor 
vestibular glands, (3) greater vestibular glands 
(Bartholin’s glands), and (4) vaginal 
transudate. The vaginal transudate originates 
from the sub-epithelial vascular bed and is 
passively transported though the intraepithelial 
spaces, which are sometimes referred to as 


intercellular channels. Engorgement of the 
vaginal wall raises pressure inside the 
capillaries and increases the transudation of 
plasma through the vaginal epithelium. This 
vaginal lubricative plasma flows through the 
epithelium onto the surface of the vagina, 
initially forming sweat-like droplets that 
coalesce to form a lubricative film that covers 
the vaginal wall. 


In addition to its lubrication, the vagina 
lengthens and dilates during sexual arousal 
as a result of relaxation of the smooth muscle 
in its wall. In human and animal models, 
sexual stimulation results in increased vaginal 
blood flow and decreased vaginal luminal 
pressure. 


The clitoris 


The clitoris is an erectile organ similar to 
the penis, and arises from the same 
embryologic structure, the genital tubercle. It 
is composed of three parts: the outermost 
glans or head, the middle corpus or body, and 
the innermost crura. The glans and body of 
the clitoris are 2-4cm long and the crura are 
9-11cm. The clitoris consists of fused midline 
erectile bodies (corpora cavernosa) that give 
rise to bilateral crura. The glans clitoris is 
visible as it emerges from the labia minora. 
The labia minora bifurcate to form the upper 
prepuce anteriorly and the lower frenulum 
posteriorly. Each corpus cavernosum is 
comprised of lacunar sinusoids, which are 
surrounded by a trabecula of vascular smooth 
muscle and collagen fibers. 


The tunica albuginea in the clitoris is 
unilaminar, unlike the bilaminar structure 
found in the penis. Thus, no mechanism for 
venous trapping exists within the clitoris and 
consequently sexual stimulation results in 
clitoral engorgement but not erection. In the 
male, the bilaminar tunica albuginea possesses 
a rich venous plexus that, during sexual 
excitement, expands, reducing venous outflow 
and making the penis rigid. The absence of 
this venous plexus in the clitoris allows this 
organ to achieve tumescence, but not rigidity 
during sexual arousal. The two separate crura 
of the clitoris, formed from the separation of 
the most proximal parts of the corpora in the 
perineum, attach bilaterally to the 
undersurface of the pubis along the 
ischiopubic rami. Duplex ultrasounds of the 
clitoris reveal that, during sexual stimulation, 
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the clitoris increases in length and diameter 
and blood flow almost doubles. With sexual 
stimulation, increased blood flow to the 
clitoral cavernosal and labial arteries results in 
increased clitoral intracavernous pressure, 
tumescence and protrusion of the glans clitoris 
and eversion and engorgement of the labia 
minora. 


Vestibular bulbs 


The vestibular bulbs are 3cm long, paired 
structure that lie along the sides of the vaginal 
orifice, directly beneath the skin of the labia 
minora. Although they are homologous to the 
corpus spongiosum of the penis and are 
composed of vascular smooth muscle they are 
distinct in that they are separated from the 
clitoris, urethra, and vestibule of the vagina. 
Cadaver dissections reveal that in young pre- 
menopausal women the bulbs lie on the 
superficial aspect of he vaginal wall and do 
not form the core of the labia minora. 


Uterus 


The uterine and cervical glands secrete 
mucus during sexual arousal to lubricate the 
vagina. Uterine and other pelvic surgical 
procedures can have a significant impact or 
female sexual response and function. The 
innervation of he uterus is closely proximate 
to the bladder and vagina, and pelvic 
dissection, as it is currently performed, can 
adversely impact on a women’s later sexual 
health by damaging the uterine innervation. 
Surgical menopause brought on by 
hysterectomy and oophorectomy impacts on 
sexual function by multiple mechanisms. Even 
hysterectomy alone, without the removal of 
the ovaries, can result in sexual dysfunction. 


Symptoms that women commonly 
experience postoperatively after a 
hysterectomy include decreased desire, 


decreased arousal, decreased genital sensation, 
and orgasmic dysfunction. These symptoms 
are likely the result of the nerve and/or 
vascular injuries, as well as the loss of ovarian 
estrogens and androgens. Removal of the 
uterus and ligation of the arterial supply at the 
uterine pedicle, can result in ovarian atrophy 
as well as fibrosis of vaginal wall and clitoral 
cavernosal smooth muscle. Disruption of the 
pelvic autonomic and cervical plexuses, as 
well as the utero-sacral and cardinal ligaments 
which are associated with autonomic nerve 


fibers, results in difficulties in genital arousal 
and orgasm. Probably, in the future women 
will be offered nerve-sparing pelvic 
procedures similar to those now routinely 
performed in men. 


Pelvic floor muscles 


The pelvic floor is a collection of tissues 
that span the opening within the bony pelvis. 
In addition to supporting the abdominal and 
pelvic organs and maintaining continence of 
urine and stool, the pelvic floor allows for 
intercourse and parturition. The perineal 
membrane, which consists of the 
ischiocavernosus, bulbocavernosus, and 
superficial transverse perineal muscles, is 
closely related to the vestibular bulbs and 
clitoris, and plays a role in sexual response. 
These muscles, when voluntarily contracted, 
can intensify orgasm of both the female and 
her male partner. 


Non-voluntary pelvic floor spasm 
associated with vaginal penetration or even 
examination with a speculum is referred to as 
vaginismus. This disorder prevents sexual 
intercourse and is associated with dyspareunia. 
If the opposite problem exists, consisting of 
laxity and hypotonia of pelvic floor 
musculature due to aging, menopause, or 
childbirth, for instance, symptoms of vaginal 
hypo-anesthesia, coital anorgasmia, as well as 
incontinence during sexual intercourse or 
orgasm can develop. 


Female sexual physiology 
Physiology of genital sexual arousal 


Large gaps exist in our knowledge of 
how the central nervous system controls 
female sexual function. Limited data suggest 
that descending supraspinal modulation of 
female genital reflexes emanates from: (1) 
brainstem structures such as the nucleus 
paragigantocellularis (inhibitory via 
serotonin), locus ceruleus (norepinephrine, 
nocturnal engorgement during rapid eye 
movement sleep) and midbrain 
periaqueductal gray; (2) hypothalamic 
structures such as the medial preoptic area, 
ventromedial nucleus, and paraventricular 
nucleus; and (3) forebrain structure such as 
the amygdala. Multiple factors interact at the 
supraspinal levels to influence the excitability 
of spinal sexual reflexes such as: (1) gonadal 
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hormones; (2) genital sensory information via 
the myelinated spinothalamic pathway and 
the unmyelinated spinoreticular pathway; and 
(3) input from higher cortical centers of 
cognition. 


The sexual arousal responses of the 
multiple genital and non-genital peripheral 
anatomic structures are largely the product of 
spinal cord reflex mechanisms. The spinal 
segments are under descending excitatory and 
inhibitory control from multiple supraspinal 
sites. The afferent reflex arm is primarily via 
the pudendal nerve. The efferent reflex arm 
consists of coordinated somatic and 
autonomic activity. One spinal sexual reflex 
is the bulbocavernosus reflex involving sacral 
cord segments S2-S4 in which pudendal 
nerve stimulation results in pelvic floor 
muscle contraction. Another spinal sexual 


reflex involves vaginal and clitoral 
cavernosal autonomic nerve stimulation, 
resulting in clitoral, labial, and vaginal 
engorgement. 


In the basal state, clitoral, corporal, and 
vaginal smooth muscles are under contractile 
tone. Following sexual stimulation, 
neurogenic and endothelial release of nitric 
oxide (NO) plays an important role in clitoral 
cavernosal artery and helicine arteriolar 
smooth-muscle relaxation. This leads to a rise 
in clitoral cavernosal artery inflow, an increase 
in clitoral intra-cavernosal pressure, and 
clitoral engorgement. The result is extrusion of 
the glans clitoris and enhanced sensitivity. 


In the basal state, the vaginal epithelium 
reabsorbs sodium from the submucosal 
capillary plasma transudate. Following sexual 
stimulation, a number of neurotransmitters, 
including NO and_ vasoactive intestinal 
peptide (VIP), are released, modulating 
vaginal vascular and non-vascular smooth- 
muscle relaxation. Dramatic increase in 
capillary inflow in the sub-mucosa over- 
whelms Na-reabsorption, leading to 3-5 ml of 
vaginal transudate enhancing lubrication 


essential for pleasurable coitus. Vaginal 
smooth-muscle relaxation results in 
increased vaginal length and luminal 


diameter, especially in the distal two-thirds 
of the vagina. VIP is a non-adrenergic, non- 
cholinergic neurotransmitter that plays a role 
in enhancing vaginal blood flow, lubrication, 
and secretions. 


Hor mones and female sexual function 
Estrogen 


Estrogen plays a significant role in 
regulating female sexual function. Estradiol 
affects cells throughout the peripheral and 
central nervous system and influences nerve 
transmission. A decline in serum estrogen 
levels results in thinning of vaginal mucosal 
epithelium and atrophy of vaginal wall smooth 
muscle. Decreased estrogen levels also result 
in a less acidic environment in the vaginal 
canal. This can lead to vaginal infections, 
urinary tract infections, incontinence, and 
sexual dysfunction. 


In animal models, estradiol administration 
results in expanded touch receptor zones along 
the distribution of the pudendal nerve, 
suggesting that estrogen affects sensory 
thresholds. In postmenopausal women, 
estrogen replacement restores clitoral and 
vaginal vibration and pressure thresholds to 
levels close to those of premenopausal 
women. Estrogens also have vaso-protective 
and vasodilatory effects, which result in 
increased vaginal and clitoral and urethral 
arterial flow,, resulting in the maintenance of 
the female sexual response by preventing 
atherosclerotic compromise to pelvic arteries 
and arterioles. 


With menopause, and the decline in 
circulating estrogen levels, a majority of 
women experience some degree of change in 
sexual function. Common sexual complaints 
include loss of desire, decreased frequency of 
sexual activity, painful intercourse, diminished 
sexual responsiveness, difficulty achieving 
orgasm, and decreased genital sensation. 
Symptoms related to alterations in genital 
sensation and blood flow are, in part, 
secondary to declining estrogen levels and 
there is a direct correlation between the 
presence of sexual complaints and levels of 
estradiol below 50pg/ml. Symptoms markedly 
decrease with estrogen replacement. 
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Estrogen also plays a role in regulating 
vaginal and clitoral nitric oxide synthase. 
Aging and surgical castration results in 
decreased vaginal and clitoral NO synthase 
and apoptosis of vaginal wall smooth muscle 
and mucosal epithelium. Estrogen replacement 
restores vaginal mucosal health, increases 
vaginal NO synthase, and decreases vaginal 
mucosal cell death. These findings suggest 
that sildenafil, that mediates vascular and 
nonvascular smooth muscle via NO, may have 
a potential role in treating female sexual 
arousal disorder. 


Testosterone 


Androgens, by acting within the brain, 
influence sexual desire. Androgen receptors 
have been identified in the cortex, pituitary, 
hypothalamus, preoptic region, thalamus, 
amygdala and brain stem. Low testosterone 
levels (total testosterone levels less than 
20pg/dL and free testosterone less than 
0.9pg/dL) are associated with a decline in 
libido, sexual arousal, genital sensation, and 
orgasm. Low testosterone levels can be 
accompanied by loss of pubic hair, vaginal 
mucosal thinning, and an overall diminished 
sense of well-being. Therapeutic success with 
testosterone pellet for inhibited desire has 
been achieved in naturally menopausal 
women. Therapeutic success with testosterone 
cream for inhibited sexual desire in 
menopausal women treated with combination 
of estrogen and testosterone have been 
reported. Surgical menopausal women given 
testosterone enanthate injections alone or in 
combination with estrogen increased sexual 
desire, fantasies, and arousal more than 
placebo or estrogen alone. Testosterone and 
estradiol implants also increased sexual 
activity, satisfaction, pleasure; and frequency 
of orgasm more than estrogen alone. 
Objectively, testosterone increased vaginal 
vaso-congestion as measured by vaginal 
plethysmography during exposure to a potent 
visual stimulus in women with hypothalamic 
amenorrhea. 


Section 6: Female sexual dysfunction 


Chapter 28: Classification and definition of female 


sexual dysfunction 


Introduction 


Female sexual dysfunction (FSD) is a 
multifactorial condition that has anatomical, 
physiological, medical, psychological and 
social components. It includes various female 
sexual disorders which can have psychogenic 
and/or organic basis. FSD can be age related 
and is highly prevalent, affecting 20% to 50% 
of women. It has been reported that 43% of 
women aged 18-59 years experienced sexual 
dysfunction. A third of women experienced 
loss of sexual interest and nearly a fourth did 
not experience orgasm. Estimates of the 
prevalence of dyspareunia, a _ sexual 
dysfunction that causes many women to seek 
medical attention, ranges from 3% to 15%. 
Sexual dysfunctions may impact significantly 
on mood, self-esteem, quality of life, cause 
emotional distress, and lead to relationship 
problems. 


FSD classification is based upon the 
models of Masters and Johnson and Kaplan. 
Masters and Johnson first characterized the 
female sexual response as consisting of four 
successive phases: excitement, plateau, 
orgasm, and resolution. In 1974, Kaplan 
proposed the aspect of desire and the three- 
phase model, consisting of desire, arousal 
and orgasm, with desire the factor that incites 
the overall response cycle. This three-phase 
model is the basis for the earlier definitions 
of female sexual dysfunction and the more 
recent reclassification system proposed by 
the American Foundation of Urologic 
Disease (AFUD) consensus panel in 1998 
which incorporated medical risk factors and 
etiologies for FSD into the pre-existing 
psychologically based definitions (Table 
28.1). Other authorities have suggested that 
sexual function should be considered as a 


circuit, with four main domains: libido, 
arousal, orgasm, and satisfaction. Each 
aspect may overlap and negatively or 


positively impact on the next. 
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Table 28.1: Classification of FSD according to 
the AFUD classification system (1998). 


I. Sexual desire disorders 
A. Hypoactive sexual desire disorder 
B. Sexual aversion disorder 
II. Sexual arousal disorder 
IHI. Orgasmic disorder 
IV: Sexual pain disorders 
A. Dyspareunia 
B. Vaginismus 


C. Other sexual pain disorders 


Classification of FSD can be further sub- 
typed as lifelong vs acquired, generally vs 
situational, and organic vs psychogenic or 
mixed. The etiology of any of the disorders 
can be multifactorial and frequently, and 
overlap of the disorders can be observed. An 
individual may experience one or more 
dysfunctions simultaneously or sequentially. 


Hypoactive sexual desire disorder 


Hypoactive sexual desire disorder 
(HSDD) is the persistent or recurrent 
deficiency (or absence) of sexual fantasies or 
thoughts, and/or desire for or receptivity to 
sexual activity, which causes personal distress. 
HSDD may result from psychologic or 
emotional factors, as partner conflicts and loss 
of attraction, or may be secondary to organic 
problems, such as hormone deficiencies, 
medical illness or surgical interventions. Any 
disruption of the female hormonal milieu 
caused by natural menopause, surgically or 
medically induced menopause, or endocrine 
disorders can result in inhibited sexual desire. 
HSDD may occur secondary to other sexual 
dysfunction such as arousal or orgasmic 
disorder. 


Low desire is a highly prevalent sexual 
problem in both men and women. Women are 
more commonly affected by HSDD than men; 
the female to male ratio is about 2:1 or 3:1. 
HSDD may be related to age and is 
increasingly prevalent above the age of 60 in 


both sexes. Low desire is more common in 
those with comorbid medical and psychiatric 
disorders particularly chronic illnesses and 
depression. Loss of libido is a frequent 
complaint of patients taking antihypertensive 
or antidepressant drugs. 


Sexual aversion disorder 


Sexual aversion disorder is the persistent 
or recurrent phobic aversion to and avoidance 
of sexual contact with a sexual partner, which 
causes personal distress. Generally, this 
disorder is a psychologically or emotionally 
based problem that can result from a variety of 
reasons, such as physical or sexual abuse or 
childhood trauma. The prevalence of this 
disorder is currently unknown, since it is 
considered a subcategory of HSDD and 
therefore, separate prevalence data for this 
disorder are not available. 


Sexual arousal disor der 


Female sexual arousal disorder (FSAD) is 
the persistent or recurrent inability to attain or 
maintain sufficient sexual excitement, causing 
personal distress, which may be expressed as a 
lack of subjective excitement, or genital 
(lubrication and swelling) or other somatic 
responses. Disorders of arousal can include 
decreased labial and clitoral, sensation and 
engorgement, and the lack of vaginal smooth 
muscle relaxation. FSAD may be associated 
with psychological factors or underlying 
medial conditions, which lead to diminished 
vaginal or clitoral blood flow. Prior pelvic 
surgery, trauma, or medications can be 
etiologically responsible. Women with FSAD 
may experience pain with intercourse due to 
inadequate lubrication and vaginal irritation. 
Although sexual arousal problems are 
common in both sexes, FSAD is less well 
characterized than its male counterpart, 
erectile dysfunction. 


Approximately 20% of women ages 18- 
59 reported difficulty in becoming lubricated 
during sexual stimulation. Problems with 
arousal and vaginal dryness were reported as a 
current problem by 17% and 28% of women 
respectively. 49% of the women with vaginal 
dryness reported this as a lifelong problem. In 
another study, 13% experienced a lack of 
lubrication during most or all sexual activity 
and 23% reported having this problem on 
occasion. Among the post-menopausal women 


[266] 


in this study, the incidence of lubrication 
problem increased to 44%. 


Sexual arousal disorder is the focus of 
clinical and basic science research and 
treatment interventions. Human and animal 
models have been established to asses sexual 
arousal, and validated sexual arousal 
instruments are now available. A developing 
hypothesis is that decreased sexual arousal as 
manifested by diminished genital 
engorgement, decreased genital sensation, and 
decreased vaginal lubrication is related to one 
or all of he following: (1) inadequate pelvic 
arterial blood flow, (2) abnormal hormonal 
levels, and (3) neurologic disorders. Vascular 
disorders do not seem to be highly prevalent 
and genital blood flow measurements in 
women with sexual arousal disorder and 
normal controls did not differ significantly. 
The reason for this finding may be that women 
with significant vascular risk factors, 
(hypertension, diabetes) do not present for 
sexual function evaluation owing to other 
comorbid conditions. 


Or gasmic disor der 


Orgasmic disorder is the persistent or 
recurrent difficulty, delay in, or absence of 
attaining orgasm following sufficient sexual 
stimulation and arousal, which causes personal 
distress. This definition means that if the lack 
of release is not distressing to the women she 
does not have a dysfunction. Also, the 
partner’s attitude towards the situation does 
not alone pathologize the women. 


Orgasmic disorder may be a primary 
(never achieved orgasm through any means of 
stimulation) or secondary condition as a result 
of psychological factors, surgery, trauma, or 
hormone deficiencies. Primary orgasmic 
dysfunction may be secondary to emotional 
trauma or sexual abuse. Medical and physical 
factors and drugs (SSRIs) can contribute to or 
exacerbate orgasmic disorder. Individuals who 
are orgasmic with masturbation but not with a 
partner have situational orgasmic dysfunction. 


Female orgasmic dysfunction is a highly 
prevalent female sexual problem. Prevalence 
in sex therapy clinics ranges from 24% to 
37%. In one study, 15% of the premenopausal 
women and 34% of postmenopausal women 
reported having difficulty in achieving orgasm 
during sexual stimulation. 


Orgasmic dysfunction has been associated 
with relationship and psychologic distress 
factors, decreased satisfaction with marital 
relationships, and concurrent psychiatric 
disorders. 


Sexual pain disorders 
Dyspareunia 


Dyspareunia is the recurrent or persistent 
pain associated with sexual intercourse. 
Dyspareunia can develop secondary to 
medical problems such as vestibulitis, vaginal 
atrophy, or vaginal infection. It can be 
organically or psychologically based, or a 
combination of the two. 


Dyspareunia is a common sexual 
problem. In a study of women aged 16-53 
years, the prevalence of dyspareunia was 10%. 
38% of these women had at least one sexual 
dysfunction, including inhibited desire (15%), 
lack of lubrication (15%), inhibited orgasm 
(26%), and vaginismus (8%). In another study 
of women aged 18-45 years the prevalence of 
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dyspareunia was 46%. Ina study of women 
aged 50-75 years, the prevalence of 
dyspareunia was reported to be 27%. 


Vaginismus 


Vaginismus is the recurrent or persistent 
spasm of the musculature of the outer third of 
the vagina that interferes with vaginal 
penetration which causes personal distress. 
Vaginismus usually develops as a conditioned 
response to painful penetration, or secondary 
to psychologic or emotional factors. The 
disorder is frequently encountered in sex- 
therapy clinics, occurring in approximately 
15%-17% of women presenting for treatment. 


Other sexual pain disorders 


Non-coital sexual pain disorder is 
recurrent or persistent genital pain induced by 
non-coital sexual stimulation. This disorder 
includes anatomic and inflammatory 
conditions, including infection (e.g. herpes 
simplex), vestibulitis, prior genital mutilation 
or trauma and endometriosis. 


Section 6: Female sexual dysfunction 


Chapter 


female sexual dysfunctio 


Vasculogenic 


High blood pressure, high cholesterol 
levels, smoking, and heart disease are 
associated with erectile dysfunction in men 
and sexual dysfunction in women. Clitoral and 
vaginal vascular insufficiency syndromes have 
been described and are directly related to 
diminished genital blood flow secondary to 
atherosclerosis of the ilio-hypogastric / 
pudendal arterial bed. Vascular insufficiency 
should be considered in evaluating women 
with sexual arousal disorder. Diminished 
pelvic blood flow due to aortoiliac disease 
leads to vaginal wall and clitoral smooth 
muscle fibrosis, resulting in symptoms of 
vaginal dryness and dyspareunia. 


Studies of clitoral erectile tissue from 
atherosclerotic animals demonstrate clitoral 
cavernosal artery wall thickening, loss of 
corporal smooth muscle, and an increase in 
collagen deposition. In human clitoral tissue, 
there is a similar loss of corporal smooth 
muscle with replacement by fibrous 
connective tissue in association with 
atherosclerosis of clitoral cavernosal arteries. 
It is possible that these atherosclerotic changes 
may interfere with normal relaxation and 
dilatation responses to sexual stimulation. 


Alterations in circulating estrogen levels 
associated with menopause contribute to the 
age-associated changes in clitoral and vaginal 
smooth muscle. In addition traumatic injury to 
the ilio-hypogastric/pudendal arterial bed from 
pelvic fractures, blunt trauma, surgical 
disruption or chronic perineal pressure from 
bicycle riding can result in diminished vaginal 
and clitoral blood flow and sexual 
dysfunction. 


Neurogenic 


The same neurogenic disorders that cause 
erectile dysfunction in men can also cause 
sexual dysfunction in women. These include 
spinal cord injury (SCI), diseases of the 
central or peripheral nervous system, 


n 
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29: Etiology and pathophysiology of 


including diabetes, and complete upper motor 
neuron injuries effecting sacral spinal 
segments. Women with incomplete injuries 
retain capacity for psychogenic arousal and 
vaginal lubrication. Women with SCI have 
difficulty in achieving orgasm. Like men, 
sildenafil improved sexual function complaints 
commonly associated with SCI. 


Hormonal 


Dysfunction of the hypothalamic-pituitary 
axis, surgical or medical castration, premature 
ovarian failure, old age , and chronic birth 
control use are common causes of hormonally 
based female sexual dysfunction. The most 
common complaints associated with decreased 
estrogen and/or testosterone levels are 
decreased libido, vaginal dryness, and lack of 
sexual arousal. In addition, women report 
increased emotional lability, sleep 
disturbances, and memory changes due to 
estrogen and androgen deficiencies. 


Estrogen improves the integrity of vaginal 
mucosal tissue and has beneficial effects on 
vaginal sensation, vasocongestion, and 
secretions, which lead to enhanced arousal. 
Estrogen deprivation causes a significant 


decrease in the clitoral intra-cavernosal, 
vaginal, and urethral blood flow. 
Histologically there is diffuse clitoral fibrosis, 
thinned vaginal epithelial layers, and 


decreased vaginal submucosal vasculature. 
Thus a decline in circulating estrogen levels 
can produce significant adverse effects on 
structure and function of the vaginal and 
clitoral tissues, ultimately affecting sexual 
function. 


Serum testosterone concentrations in 
women decline with advancing age and are 
lower in older women than in younger women. 
By the mid- 40s, circulating testosterone levels 
are approximately half those of women in their 
20s. However, in contrast to serum estradiol 
levels, serum testosterone levels do not 
decrease abruptly at menopause, but rather 


decline steadily with age. This is a 
consequence of the age-related decline in 
adrenal androgen production and the loss of 
the mid-cycle increase in ovarian testosterone 
in the late reproductive years. 


In addition to the central effects of 
testosterone in women, there also may be 
peripheral effects in the vagina. Androgens 
may play a role in regulating vaginal smooth 
muscle relaxation and blood flow, as 
testosterone receptors were identified in 
vascular endothelium, smooth muscle cells, 
and stroma in vaginal mucosa. Diminished 
androgen receptor expression was noted in 
vaginal sub-epithelium of women on estrogen 
replacement. This may result from estrogenic 
stimulation of sex hormone binding globulin 
(SHBG), leading to less free testosterone and 
less production of androgen receptors. 
Persistent symptoms of vaginal atrophy and 
dryness in menopausal women receiving 
estrogen replacement therapy may in part be 
related to impaired androgen responsiveness, 
derived from decreased vaginal androgen 
receptors, and/or reduced levels of circulating 
or vaginal testosterone. 


Musculogenic 


The pelvic floor muscles, in particular, the 
levator ani and perineal membrane, participate 
in female sexual function and responsiveness. 
The perineal membrane, consisting of the 
bulbocavernosus and ischiocavernosus 
muscles, when voluntarily contracted, 
contributes to and intensifies sexual arousal 
and orgasm. In addition, the bulbospongiosus 
and ischiocavernosus muscles are responsible 
for the involuntary rhythmic contractions 
during orgasm. 


The levator ani muscles, on contraction, 
share in the mechanism of evacuation 
(urination, defecation). They also modulate 
motor responses during orgasm, as well as 
vaginal receptivity. During sexual intercourse 
vaginal distension by the erect penis evokes 
the vaginolevator and vaginopuborectalis 
reflexes, with resulting levator ani contraction. 
The levator ani also contracts upon 
stimulation of he clitoris or cervix uteri. These 
actions enhance the sexual response. 
Hypertonic levator ani can contribute to the 
development of vaginismus. When levator ani 
are hypotonic and sagging, vaginal hypo- 
anesthesia, dyspareunia, coital anorgasmia, 


[269] 


and urinary incontinence during sexual 


intercourse or orgasm can occur. 
Pain conditions 
Dyspareunia 


Superficial pain may be due to vulvitis, 
vulvo-vaginitis, urethritis, atrophic vulvitis, 
irritants (spermicide and latex), gynecologic 
and obstetric intervention (episiotomies), local 
radiotherapy and sexual traumas. Deep 
dyspareunia, resulting from pelvic thrusting 
during sexual intercourse may be caused by 
pelvic inflammatory disease, gynecological, 
pelvic or abdominal surgery, postoperative 
adhesions, endometriosis, genital or pelvic 
tumors (including fibroids), urinary tract 
infections, and ovarian cysts. A common 
cause of deep dyspareunia is the partner 
hitting an ovary (equivalent to hitting or 
squeezing a man’s testicle). 


Vaginismus 


This is a conditioned response that results 
from associating sexual activity with pain and 
fear. The immediate cause of vaginismus is 
the involuntary muscle spasm. It may be 
caused by physical or sexual abuse, medical 
procedures experienced during childhood, 
painful first sexual intercourse, and fear of 
pregnancy. Other suggested factors include 
religious orthodoxy, fear of intimacy or 
aggression, and the belief that one’s vagina is 
too small. 


Psychogenic 


In women, despite the presence or 
absence of organic disease, emotional and 
relational issues significantly affect sexual 
arousal. Self-esteem, body image, and the 
quality of the relationship with partner affect a 
women’s ability to respond sexually. In 
addition depression and other mood disorders 
are often associated with female sexual 
dysfunction. Furthermore, the medications 
commonly used to treat depression can 
significantly affect the female sexual response. 
The most frequently used drugs for 
uncomplicated depression are SSRIs. Women 
receiving these drugs often complain of 
decreased desire, decreased arousal, decreased 
genital sensation, and difficulty achieving 
orgasm. Several studies have documented 
improvements in SSRI- induced sexual 
dysfunction in women after administration of 


sildenafil. 


Section 6: Female sexual dysfunction 


Chapter 30: Diagnosis and treatment of female 


sexual dysfunction 


Diagnosis of female sexual 


dysfunction 


The cornerstone of the patient evaluation 
is a comprehensive and detailed sexual, 
medical, and psychosocial history, physical 
examination, and focused laboratory testing. 
Specialized diagnostic tests such as 
biothesiometry or genital vascular studies 
(duplex Doppler ultrasound), although not 
always indicated, may corroborate, the 
impressions discovered on the initial 
evaluation. It should be stressed that the 
secondary psychologic reaction to these 
organic factors must not be ignored. Validated 
sexual questionnaires, such as the Female 
Sexual Function Index and the Sexual Distress 
Scale, may be helpful tools in the evaluation 
of sexual function. 


Sexual, medical, and psychosocial history 


A detailed and comprehensive sexual history 
should include past and present assessment of 
sexual desire (libido), arousal, and orgasmic 
capabilities. In addition to physiologic sexual 
responses, overall sexual satisfaction should 
also be assessed. Patients generally don’t 
volunteer this information; in consequence, 
start with general questions such as “are you 
sexually active?,” “have you noticed any 
change in your sexual interest?” and then 
move on to more personal questions, trying to 
overcome any resistance to giving an honest 
answer. Also assess overall sexual satisfaction, 
keeping in mind that under the new consensus 
development conference diagnostic system, a 
sexual problem is generally considered 
dysfunction only when it causes “significant 
personal distress”. 


The medical history should focus 
questions on the patient’s medical illness as 
chronic medical illness (e.g., diabetes, anemia, 
renal failure), neurological illness (e.g., spinal 
cord injury, multiple sclerosis, lumbosacral 
disk disease), endocrinologic illness (e.g. 
hypogonadism, hyper-prolactinemia, thyroid 


[270] 


disorders), atherosclerotic vascular risk factors 
(e.g.,  hypercholesterolemia, hypertension, 
diabetes, smoking, family history), 
medications / recreational drug use (e.g., anti- 
hypertensives, antidepressants, alcohol, 
cocaine), pelvic / perineal/genital trauma (e.g., 
bicycling injury), genital pain, surgical (e.g., 
hysterectomy, laminectomy, vascular bypass 
surgery), and psychiatric history (e.g., 
depression, anxiety)). 


Given the personal, interpersonal, social, 
and occupational implications of sexual 
problems, a brief psychosocial history is 
mandatory in every patient. Current 
psychological state, self-esteem, history of 
sexual trauma/abuse, as well as past and 


present relationships and social and 
occupational performance should be 
addressed. 


While nothing can replace the personal 
interview, several validated instruments are 
available for assessing subjective sexual 
function. 


Physical examination 


In addition to a detailed vascular and 
neurologic examination, a careful and 
systematic examination of the external 
genitalia using magnifying surgical loops and 
cotton-bud evaluation of the external genitalia 
may confirm aspects of the medical history 
(e.g., vestibular adenitis and neuropathies) and 
occasionally reveal unsuspected physical 
findings such as para-clitoral neuromas. 


Laboratory testing 


Laboratory testing is strongly 
recommended. Standard serum chemistries, 
complete blood count, and lipid profiles may 
elucidate vascular risk factors such as 
hypercholesterolemia, diabetes, and renal 
failure. Serum thyroid-stimulating hormone 
determination may be indicated in select cases. 


The integrity of the hypothalamic- 
pituitary-gonadal axis should be examined in 


every patient with sexual dysfunction. Adrenal 
and ovarian androgens, estrogens and follicle- 
stimulating hormone and luteinizing hormone 
testing are strongly recommended. It is unclear 
which testosterone assay (total, free, and 
bioavailable) is the best; however there is a 
consensus that at least one of these assays 
should be performed. Total androgen 
production is best reflected by the total 
testosterone, but the available testosterone is 
best measured by free testosterone value, as 
determined by equilibrium dialysis. Whenever 
total or free testosterone is measured, the 
value of circulating sex hormone-binding 
globulin (SHBG) has to be taken into 
consideration. To evaluate adrenal androgen 
status, it is recommended to obtain 
dehydroepiandrosterone (DHEA) sulfate 
levels. Androgen values should ideally be 
determined in the morning and in the mid- 
third of the menstrual cycle, but this 
recommendation makes clinical practice 
extremely difficult. Although pituitary 
adenomas are a rare cause of sexual 
dysfunction, this potentially life-threatening 
disease and reversible cause of sexual dys- 
function should not be forgotten. 


Specialized diagnostic testing 


Diagnostic modalities such as duplex 
Doppler ultrasound, vaginal and clitoral 
temperature and vibration sensory testing, and 
selective pudendal arteriogram expand the 
physician and patient understanding of the 
pathophysiologic mechanisms, but dis- 
advantages such as invasiveness, cost, the 
associated risks and complications, and lack of 
normative data have limited the use of 
specialized testing. 


Vaginal and clitoral warm, cold, and 
vibratory sensory thresholds can be reliably 
measured with a Thermal Sensory Analyzer / 
Vibratory Sensory Analyzer system and 
compared to currently available validated 
normograms, allowing quantitative neurologic 
assessment of the female genitalia. This non- 
invasive valuable diagnostic tool has been 
proven helpful in the management of women 
with sexual dysfunction. 


Non-invasive vascular testing of women 
with sexual dysfunction has been reported by 
several investigators. These include vaginal 
photoplethysmography and genital duplex 
Doppler ultrasound. Vaginal photo- 
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plethysmography, the most widely used 
vascular testing technique, measures vaginal 
mucosal engorgement and vaginal blood 
volumes, providing quantitative data on the 
extent of vaginal vaso-congestion. The major 
drawbacks of this diagnostic tool are that it 
provides arbitrary rather than absolute units of 
measurement. In addition, it is susceptible to 
subject movement artifact and baseline drift. 


The role of duplex Doppler 
ultrasonography in the management of 
women with sexual dysfunction remains to be 
determined. Although several investigators 
have reported small patient series using duplex 
Doppler ultrasound before and after 
stimulation (visual and vibratory) as a 
diagnostic tool in females with sexual 
dysfunction, there is no standardized 
ultrasonographic technique to maximize 
diagnostic information. Some authors obtained 
volumetric and hemodynamic data before and 
after audiovisual-sexual stimulation by placing 
an 11 MHz small-parts probe on the side of 
the clitoris. Clitoral shaft diameter is measured 
from the medial tunica albuginea of the 
corporal body across the septum to the lateral 
tunica albuginea of the contra-lateral corporal 
body. Hemodynamic data (peak systolic 
(PSV), end-diastolic (EDV), and resistive 
index (RI) values from the corpus spongiosum 
and cavernosal arteries are measured. The 
increase in pre- and post-arousal clitoral and 
corpus spongiosum diameters directly 
correlated with an increase in both the pre- 
and post-arousal clitoral and corpus 
spongiosum end-diastolic velocity values, 
suggesting that end-diastolic velocity values 
have an important physiologic implication as a 
direct determinant of genital engorgement. 
One of the limitations of the current ultra- 
sonographic methodology is the lack of 
standardized use of topical vasoactive agents 
to maximize genital smooth-muscle relaxation. 
Several investigators are performing genital 
duplex Doppler ultrasounds before and after 
audiovisual-sexual stimulation in combination 
with topical application of 2% alprostadil with 
more consistent hemodynamic and volumetric 
data. 


Treatment of female sexual 


dysfunction 


Patient and partner education is a critical 
component in the management of FSD and 


should be carried out whenever possible. The 
results of the history, physical examination, 
laboratory testing, and the need for additional 
diagnostic testing should be reviewed in detail 
with the patient and her partner, and if 
indicated, appropriate referrals should be 
made. Patient and partner education not only 
facilitates physician patient partner 
communication, but also enhances patient 
compliance and treatment adherence. 


Modifying reversible causes 


Health professionals should work with 
patients to modify reversible causes of FSD 
such as psychogenic FSD, hormonal 
imbalances, hyperprolactinemia, specific drug- 
related FSD (e.g., selective serotonin reuptake 
inhibitors (SSRIs)), vascular or neurologic 
sexual dysfunction secondary to blunt perineal 
trauma, and anorgasmia due to pudendal 
neuropathy. 


Sex steroid hormones 


Estrogen deficiency associated with the 
postmenopausal state result in loss of 
collagen and adipose tissue in the vulva, 
attenuated maturation of vaginal epithelial 
cells, thinning and loss of elasticity of the 
vaginal wall with loss of premenopausal 
ridges, bleeding and ulceration of the vaginal 
epithelium after minor trauma, delayed onset 
of lubrication with sexual stimulation, and an 
increase in vaginal pH leading to heightened 
vulnerability to urogenital pathogen. Women 
with plasma estradiol levels less than 50 pg/ml 
had significantly more complaints of vaginal 
dryness, frequency, and intensity of 
dyspareunia and burning compared to women 
with estradiol values greater than 50 pg/ml. 
Several investigators have shown that 
treatment with estradiol increases vaginal 
blood flow and lubrication, improves 
epithelial maturation indices, normalizes 
vaginal pH. and prevents vaginal atrophy. 


Androgen insufficiency, in women who 
are adequately estrogenized, is also associated 
with sexual dysfunction. Androgen 
replacement in women with sexual 
dysfunction is associated with changes in the 
external genitalia, including increased 
sensitivity, engorgement, and hypertrophy of 
the clitoris and vulvar hyperemia. It has been 
reported that women with higher levels of 
testosterone had significantly greater levels of 
vaginal blood flow responses to erotic stimuli 
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compared to those with lower levels of 
testosterone. Exogenous administration of 
androgens has resulted in a significant 
increase in subjective ratings of sexual arousal 
in postmenopausal women. In 
oophorectomized women treated with 
testosterone, those who had a higher ratio of 
testosterone to SHBG had higher sexual 
arousal. Transdermal testosterone improved 
function and psychological well-being in 
women who have undergone oophorectomy 
and hysterectomy. Treatment of women with 
adrenal insufficiency with DHEA improved 
overall well-being and sexual function. 
Androgen replacement therapy with DHEA 
in women with sexual dysfunction and 
androgen insufficiency significantly decreased 
sexual distress, significantly increased sexual 
function in the domains of desire, arousal, 
lubrication, satisfaction, and orgasm, and 
normalized androgen blood levels to values 
within the physiologic range. 


Hyperprolactinemia 


The treatment of hyperprolactinemia in 
women with sexual dysfunction consist of: (1) 


the cessation of medication causing 
hyperprolactinemia (e.g., estrogens, a- 
methyldopa); (2) the administration of 


bromocriptine; or (3) the surgical ablation or 
extirpation of a pituitary prolactin-secreting 
tumor. 


Tatrogenic/drug-induced 


Psychotropic agents such as SSRIs, 
neuroleptics, and antipsychotics have been 
associated with sexual dysfunction in women. 
In addition, luteinizing hormone-releasing 


hormone agonist and antiandrogens, 
commonly used in the treatment of 
endometriosis, infertility, and uterine 
fibromas, are also associated with sexual 
dysfunction. 
Psychogenic 

Patients with destructive behaviors, 
alcoholism, cigarette smoking, and 


recreational drug use, should be counseled on 
the potential etiologic role of these factors in 
FSD. 


Genital pain 


Genital pain is a highly prevalent (14%), 
incapacitating, and devastating condition 
associated with significant personal distress 
and diminished quality of life. Genital 


neuromas and vestibular adenitis may be 
successfully treated by excising the affected 
area. 


First-line therapy 
Oral vasoactive agents: Sildenafil 


The introduction of sildenafil in 1998 
revolutionized the management of men with 
erectile dysfunction and empowered women 
with sexual dysfunction to seek medical 
attention. This potent and selective PDES 
inhibitor, which blocks the hydrolysis of 
cGMP, enhances the accumulation of cGMP, 
and potentiates the relaxant effects of NO in 
the clitoris, is not currently approved by the 
US Food and Drug Administration (FDA) for 
use in women. Sildenafil has been utilized in 
the treatment of women with sexual arousal 
disorders with mixed results. 


Some workers found that, despite positive 
changes in vaginal lubrication and clitoral 
sensitivity, the overall sexual function did not 
improve significantly. 


Others found that sildenafil treatment (25 
and 50mg) significantly improved sexual 
function (arousal and orgasm, overall 
pleasure, satisfaction due to intercourse 
frequency, frequency of intercourse, and erotic 
fantasy), but without any statistically 
significant difference between the two drug 
dosage. At the end of the study 70.5% of 
women were willing to continue the sildenafil 
treatment. 


Phentolamine 


The intake of 40 mg of oral phentolamine 
was safe and well tolerated and capable of 
promoting improvements in physical 
excitement from an objective (after vaginal 
photoplethysmography) and subjective point 
of view, with a statistically significant 
variation in vaginal lubrication as well as in 
local perception of pleasure. 


Topical vasoactive agents: Alprostadil 


In the literature there are several studies 
concerning the use of topical alprostadil in 
women with sexual arousal disorders. 
Intravaginal prostaglandin E1 (0.2% gel) 
induced an improvement of the subjective 
vaginal excitement sensation, local erythema, 
and genital engorgement as well as an increase 
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of the photoplethysmographic vaginal 
parameters after audiovisual-sexual 
stimulation. The topical application of lg 
alprostadil 0.2% (NextACT®) over the clitoris 
of women with sexual arousal or orgasmic 
disorders significantly changed the local 
hemodynamic parameters as shown by color 
duplex ultrasonography investigation. 


Overall, topical alprostadil applied to the 
clitoris and vulva, in comparison with a 


topical placebo, was associated with 
significant objective changes and dose- 
dependent increase in subjective sexual 


responses, namely increased level of sexual 
arousal, satisfaction with sexual arousal, and 
sexual satisfaction. 


Vacuum devices 


At the present time, EROS therapy is the 
only FDA-approved treatment of women with 
sexual dysfunction. EROS therapy is designed 
to increase blood flow to the clitoris, 
facilitating clitoral engorgement and 
enhancing peripheral genital sexual arousal. It 
is generally accepted that clitoral stimulation 
and engorgement are important aspects of 
female sexual arousal. It is believed that the 
difficulty or inability to achieve maximal 
clitoral tumescence may be related to and 
associated with other symptoms of female 
sexual arousal disorder. 


During use in women with sexual arousal 
or orgasmic disorders, the EROS device is 
placed over the clitoris, providing three levels 
of gentle vacuum suction (low, medium, and 
high). The postulated increase in and blood 
flow to the clitoris is associated with increased 
sensation and enhanced sexual arousal, 
including increased vaginal lubrication and 
labial engorgement. In women with sexual 
arousal disorder, use of the EROS therapy 
device has been shown to improve sexual 
function and satisfaction. 


Sexual therapy 


Sexual therapy addressing relationship 
distress, sexual performance concerns, and 
dysfunctional communication patterns is likely 
to enhance sexual functioning. It is 
recommended to involve both patient and 
partner in the sexual therapy. 


Section 6: Female sexual dysfunction 


Chapter 31: Disorders of female sexual response 


Disorders of sexual desire 


See hypolibido in the male and female 
(chapter 22). 


Female sexual arousal 


FSAD is defined as persistent or recurrent 
inability to attain or to maintain until 
completion of the sexual activity, an adequate 
lubrication swelling response to sexual 
excitement. The disturbance causes marked 
distress or interpersonal difficulty. 


Normally, female arousal is caused by 
vasocongestive response occurring during the 
excitement and plateau stages of the human 
sexual response described by Masters and 
Johnson and is manifested internally by 
ballooning of inner 2/3 of the vagina, 
congestion and swelling of the outer 1/3 to 
form the orgasmic platform, and externally by 
occurrence of vaginal lubrication. 


Adequate vaginal lubrication is important 
for pleasurable and successful coitus. Vaginal 
lubrication begins during the excitement stage 
of sexual arousal in response to tactile and/or 
psychological stimuli, preceding clitoral 
erection and vasocongestion of the major and 
minor labia. The capacity for vaginal 
lubrication is dependent on circulating 
estrogen level. While lubrication occurs within 
30 seconds during the twenties, it may require 
one to three minutes as the woman approaches 
menopause. 


There are no mucus-producing glands in 
the vaginal wall. The mucoid material results 
from a “sweating” phenomenon apparently 
caused by vasocongestion of the tissues 
surrounding the vagina. Bartholin’s glands 
secrete only a limited amount of mucoid 
secretion which occurs during the later stages 
of sexual arousal. Cervical mucus does not 
increase in response to sexual stimulation and 
does not contribute significantly to vaginal 
lubrication. It increases in fluidity only during 
ovulation to facilitate sperm transport and 
during the rest of the cycle it is more 
tenacious. 
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Inadequate vaginal lubrication is one of 
the most frequent causes of painful intercourse 
in both partners since vaginal dryness leads to 
burning and irritation. Since the attainment of 
adequate vaginal lubrication is 
physiologically equivalent to the development 
of male erection, the failure to produce 
lubrication can be simulated to Impotence. 
Like impotence, failure of adequate 
lubrication may be organic or psychogenic. 
The causes of female arousal disorder leading 
to inadequate vaginal lubrication are presented 
in table 31.1. 


Treatment of inhibited female arousal 
depends on the cause. Cases with psychogenic 
etiology are treated with sex therapy (chapter 
15). Organic causes are treated accordingly 
and can be much helped by the application of 
a pre-coital water-miscible vaginal lubricant. 
Oral sildenafil, topical alprostadil gel 0.2% 
and vacuum devices may help some women. 


Female orgasmic dysfunction 


Female orgasmic dysfunction includes 
anorgasmia and abnormal orgasms. The types 
of female orgasmic dysfunction are presented 
in table 31.2. Like anorgasmia, abnormal 
orgasms are disappointing. Anorgasmia’ is the 
inability to achieve orgasm. It may be a sole 
sexual complaint, with the woman having 
normal sexual desire and arousal, or is 
secondary to and is associated with other 
sexual dysfunction which may be inhibited 
sexual desire and/or failure of arousal, or 
painful coitus. 


Primary anorgasmia occurs in women 

who have never had attained orgasm by 
any sexual means while secondary anorgasmia 
occurs in women who had been able to 
achieve orgasm before development of the 
anorgasmia. Absolute anorgasmia denotes 
absence of orgasm with all sexual means 
(masturbation, coitus) while relative 
anorgasmia is the absence of orgasm with 
coitus despite its presence with masturbation. 
In situational anorgasmia orgasm occurs with 
one partner or in one situation but not with 
other partners or in other situations. 


Table 31.1: Causes of female sexual arousal disorder (inadequate vaginal lubrication). 


Mechanism 


Causes 


Psychogenic 


Inadequate stimulation by the 
partner 


Decreased or absent sexual desire 


Sexual inhibitions 


Anticipation of pain 


Anxiety due to performance failure 


Defence against sexual frustration 


Dryness of vagina after prolonged 
coitus 


Organic 


Temporary reduction of the 
vasocongestive response 


Endocrinogenic (hypo- 
estrogenemia) 


Neurogenic (affection of nerves of 
vasocongestive response) 


Vasculogenic (affection of vessels 
of vasocongestive response) 


Vaginal irritation 


Drug side effects 


Other causes 


Poor male love technique 


Causes of hypolibido 

Fears 

Guilt 

Anger 

Anxiety 

Vaginismus 

Female dyspareunia 

Female anorgasmia 

Partner ED 

Partner premature ejaculation 


Partner anorgasmia 


During the postpartum period 


In the nursing mother 

Oophorectomy 

After menopause 

Oral contraceptives with very low estrogen content 

Ovarian failure 
Secondary to pelvic inflammatory disease 
Secondary to hypothalamic or pituitary disease 
Premature ovarian failure 

Diabetes mellitus 

Spinal cord injury 


Multiple sclerosis 


After vaginal repair for uterine prolapse or stress incontinence 


Diabetes mellitus 
After vaginal repair 
Spermicidal jellies 
Vaginal douches 


Rubber products used for contraception 


Methyldopa, phenothiazines, tricyclic antidepressants, anticholinergic 


drugs, chronic alcoholism, antihistamines 
Sjögren syndrome 


Infrequent coital activity 


Women having premature orgasm, like 
men having premature ejaculation, reach 
orgasm too quickly. Minimal sexual 
stimulation leads to immediate arousal and 
rapid passage through the excitement and 
plateau phases to orgasm. Like premature 
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ejaculation, premature orgasm occurs before 
the woman wants to. However, unlike the 
male, women have no refractory period and 
the occurrence of orgasm does not necessarily 
terminate the sexual act. Premature orgasmic 
women can have orgasm in foreplay (or even 


just by fantasy) or as soon as intercourse 
starts. They do not try to have multiple 
orgasms, lose interest in sex as soon as they 
have had their orgasm, and often stop 
lubricating, with a probably consequent 
dyspareunia. Some of these women may stop 
the sexual act leaving their partner before he 
reaches orgasm. Treatment of premature 
orgasm is by using the female above position 
which allows the woman control over the 
amount of stimulation she receives. She can 
pause when she wants, slip the penis out, and 
continue non-genital caressing until she is 
ready to have intercourse or more stimulation 
again. 


A true and complete orgasm takes the 
entire body into broad areas of pleasurable 
sensation. In incomplete (abbreviated) orgasm 
a few contractions begin and then the feelings 
fade and the contractions stop before total 
release. Anxiety can delay onset of orgasm. In 
retarded orgasm, the woman needs more than 
half an hour of stimulation to reach orgasm. 
Spontaneous orgasm, like spontaneous 
ejaculation in the male, occurs under 
conditions of stress or surprise and is not 
associated with pleasurable sensation. 


Pleasureless orgasms may be occasional 
or otherwise persistent, being caused by either 
unrealistic expectations or anhedonia. Normal 
women who regularly enjoy pleasurable 
orgasm may report occasional experiences in 
winch the orgasm is accompanied by little or 
no pleasure. This condition is caused by 
anxiety which is not sufficient to inhibit the 
physiological component of the orgasm, but 
sufficient to inhibit the pleasure. Treatment is 
simple reassurance but if the condition persists 
fantasy can be prescribed to distract the 
woman from her anxiety. In some cases, 
encouraged by exciting literary descriptions, a 
women may have unrealistic expectations of 
orgasm. Her own experience does not measure 
up and will not be perceived by her as orgasm. 
These cases are treated by simple explanation. 
There are women who cannot allow 
themselves to experience pleasure from any 
activity. Such anhedonia requires psycho- 
dynamic psychotherapy. 


The causes of female anorgasmia are 
presented in table 31.3. Anorgasmia may 
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occur as a chief complaint, when the woman 
has no problem with desire and arousal but 
fails to achieve orgasm, or anorgasmia may be 
associated with and being secondary to other 
disorders of the sexual response (inhibited 
desire, inhibited arousal) or dyspareunia. 
Sexual inhibitions causing anorgasmia may be 
due to interpersonal or intra-psychic problems 
and the causes of these problems are generally 
like those causing psychogenic hypolibido. 
Besides these interpersonal problems, men 
may contribute to wife anorgasmia through 
other factors (1) sexual ignorance (deficient 
foreplay, incorrect choice of time, mechanical 
use of sex as a means of releasing tension, or 
use of sexual acts not accepted by the woman 
as sodomy, cunnilingus or fellatio), (2) 
repugnant physical factors (bad breath due to 
alcohol or halitosis, offensive body odor, 
infrequent showering), (3) sexual dysfunctions 
(ED, premature ejaculation, male anorgasmia). 


Inadequate clitoral stimulation can lead 
to female anorgasmia. Continued direct or 
indirect clitoral stimulation is a prerequisite 
for attaining orgasm in almost all women. 
Although women receive other genital 
(vaginal containment) and extragenital 
(Kissing, caressing. hugging, and handling of 
the breasts) stimuli during coitus, these are not 
usually sufficient to produce an orgasm in the 
absence of clitoral stimulation. 


Some women do not have orgasm in 
coitus unless intercourse lasts for 15 minutes 
to half an hour and since most men ejaculate 
within several minutes after intromission the 
time of intercourse would be insufficient for 
these women. Other women, who receive 
substantial pre-coital clitoral stimulation will 
not have orgasm in intercourse without 
concurrent direct clitoral stimulation during 
coitus. Some women are orgasmic only in 
certain coital positions which produce 
maximal clitoral stimulation e.g. the lateral 
coital position and the woman-on-top position. 
Insufficient quality of clitoral stimulation oc- 
curs if the partner is too rough, too 
mechanical, missing the way, or using un- 
lubricated fingers. Female anorgasmia may 
result from decreased coital friction sensation 
(coital anesthesia). Much of the physical 
pleasure and sensation of intercourse is 
developed from friction. 


Table 31.2: Types of female or gasmic dysfunction. 


Female anorgasmia Primary 
Secondary 


Absolute 


Relative (coital) 


Situational 
Abnormal orgasms 


Premature orgasm 


Incomplete (abbreviated) orgasm 
Retarded orgasm 


Pleasureless orgasm (orgasmic anhedonia) 


Spontaneous orgasm 


Table 31.3: Causes of female anor gasmia 


Mechanism 


Causes 


Anorgasmia as a chief complaint 
Sexual inhibitions 


Inadequate clitoral stimulation 


Coital anesthesia 


Anorgasmia secondary to other sexual 
disorders (the patient has also inhibited 
desire and/or inhibited arousal, or coital 
pain) 

Inhibited sexual desire 

Inhibited female arousal 

Coital pain 


Fears, anger, guilt, anxiety due to: 
Interpersonal problems 
Intra-psychic conflicts 
Insufficient time 

Inappropriate coital position 

Need for direct clitoral stimulation 
Hysteria 

Lax vagina 

Vaginal over-lubrication 
Clitoridectomy 


Neurologic lesions involving clitoris, vagina and perineum 


Psychogenic and organic causes of hypolibido 


Psychogenic and organic causes of inhibited arousal 


Psychogenic and organic causes of dyspareunia 


Female anorgasmia can lead to several 
complications (1) pelvic congestion syndrome, 
(2) inhibited female arousal, (3) inhibited 
sexual desire, (4) dyspareunia, (5) sex 
avoidance, and (6) sexual dissatisfaction in the 
partner. 


Many women experience female 
ejaculation, an expulsion of about 3-5ml of 


fluid from the urethra, which is chemically 
different from urine and is perfectly normal. It 
comes from the female prostate gland (G 
spot), formerly called the para-urethral glands. 
A differential diagnosis between urinary 
incontinence and female ejaculation must be 
made (Table 31.4). 


Table 31.4: Differential diagnosis of female ejaculation and incontinence at or gasm. 


Incontinence at orgasm 


Female ejaculation 


Weak pelvic floor muscles 
Contains: urea, creatinine 


Contains: glucose, 


Strong pelvic floor muscles 


fructose, prostatic specific androgen, 


prostatic acid phosphatase 


Volume: >15 ml 

Urine characteristics 

Associated with daily or night symptoms 
of incontinence 

Intensity of orgasm may be inhibited for 
fear of leaking 

Urodynamic examinations indicate 
detrusor instability 


Volume: 3-5 ml 
Clear, pale white liquid with no urine 
No symptoms of urgency and/or stress incontinence 


Is associated with intense pleasure at orgasm 


Urodynamic examination shows a continent bladder 
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Treatment of female anorgasmia is 
dependent on its cause. In cases of anorgasmia 
secondary to other sexual disorders treatment 
is directed to the primary sexual disorder i.e. 
inhibited sexual desire, inhibited female 
arousal, or dyspareunia. Such treatment, which 
may be of organic o psychogenic factors, can 
enable the woman to achieve orgasm. 
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Treatment of anorgasmia not associated with 
other sexual dysfunctions is achieved by a sex 
therapy program described under “sex 
therapy” (chapter 15). Patients having primary 
absolute anorgasmia should receive at first a 
masturbation training program before joining 


the sex therapy program. 


Section 6: Female sexual dysfunction 


Chapter 32: Female sexual pain disorders 


Female dyspareunia 


Dyspareunia (coitalgia) is recurrent or 
persistent coital discomfort or pain. It is one of 
the most common complaints of women. Most 
frequently this complaint is seen in 
gynecologic or general practice clinics. 
Dyspareunia is much more commonly caused 
by organic factors rather than psychogenic 
factors. Dyspareunia may be primary or 
secondary, complete or situational. Primary 


dyspareunia starts since the first coital 
experience while secondary dyspareunia 
occurs after a period of normal sexual 


functioning. Complete dyspareunia occurs in 
all occasions with any and all partners while 
situational dyspareunia occurs electively with 
only one partner in some or all occasions. The 
site of pain and its time of occurrence during 
the sexual act are of utmost importance in 
diagnosis of the etiology and subsequent 
treatment of dyspareunia. Consequently, six 
types of dyspareunia are known (Table 32.1) 
(1) pain during foreplay, (2) pain on penile 
penetration, (3) pain with penis in mid-vagina, 
(4) pain on deep penetration and thrusting, (5) 
pain during orgasm, and (6) postcoital pain. 
Most women with dyspareunia can pinpoint 
the site of their coital pain without difficulty. 
Moreover, the pain is usually reproducible 
during gynecologic examination. Dyspareunia 
in a woman who cannot locate the site of the 
discomfort is most likely to be psychogenic in 
origin. 
Etiology 

Female dyspareunia may be caused by 
organic or psychogenic factors. Psychogenic 
causes include: (1) vaginismus, (2) 
anorgasmia, (3) marital maladjustment, (4) 
sexual abuse, (5) character disorder (hysterical 
character), (6) inhibition of sexual response 
leading to inadequate vaginal lubrication, and 
(7) concurrent partner sexual dysfunction 
(premature ejaculation, anorgasmia, ED). 
Organic causes include: (1) anatomical 
factors, (2) pathological factors (diseases of 
the genital tract or adjacent areas), and (3) 
iatrogenic factors (postsurgical or due to 
drugs). 
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Vaginismus is a conditioned response to 


fear of vaginal penetration resulting in 
involuntary tightening of the vaginal 
musculature preventing intercourse and 


physical examination by the physician. Pain 
arises by either attempts of insertion of erect 
penis into a tightened vagina and/or the 
memory of past painful coital attempts or fears 
of the present attempt. The woman with little 
or no sexual responsiveness (failure of 
arousal) may experience coital pain due to 
lack of lubrication. Anorgasmic women may 
respond to sexual stimuli by lubrication which 
later becomes lost due to continued thrusting 
without elevation to a higher level of sexual 
tension. Also, dyspareunia can lead to 
anorgasmia since pain precludes orgasm. 


Dyspareunia may be the result of 
concurrent partner sexual dysfunction. 
Prolonged thrusting in men with anorgasmia 
or retarded ejaculation may irritate the vaginal 
mucosa and result in pain. Men with 
premature ejaculation respond rapidly to 
sexual stimuli and may do intromission before 
the occurrence of adequate vaginal lubrication. 
Women of impotent males may become 
sexually excited but remain unrelieved due to 
lack of further coital stimulation leading to 
pelvic congestion, slow resolution, and 
postcoital pain. 


Anatomical causes of dyspareunia are 
congenital in origin and affect the introitus or 
the vagina itself. Pathological causes include: 
(1) diseases of the genital tract (infections, 
irritations, tumors, endometriosis, pelvic 
congestion, and menopausal changes), (2) 
diseases of the adjacent viscera (urethra, 
bladder, anus, rectum), and (3) orthopedic 
problems (sublaxation of symphysis pubis 
during pregnancy, and problems of the 
sacroiliac area, lumbosacral area, and the hip). 
Iatrogenic causes may be postsurgical 
including episiotomy scars and vaginal 
changes (shortening. narrowing, scars), post- 
radiation, or pharmacologic being caused by 
drugs which decrease vaginal lubrication e.g. 
antihistamines, phenothiazines, tricyclic 
antidepressants, cholinergic drugs. 


Table 32.1: Types, sites, and causes of female dyspareunia. 


Type of pain 


Site of pain 


Causes 


Pain during foreplay 


Pain on penile 
penetration 


Pain with penis in 
mid-vagina 


Pain on deep 
penetration and 
thrusting 


External genitalia (labia majora, labia 
minora, clitoris, pineal body) 


Vaginal introitus and adjacent areas 
(hymen, urethra fourchette, Skene’s 
glands, Bartholin’s glands, anorectal 
area, symphysis pubis) 


Vaginal canal and adjacent viscera 


Cervix, fornices, cul-de-sac, broad 
ligaments, adnexae, anorectal canal, 
obturator muscle, lower back, hips, 


Skin diseases 
Chronic vulvovaginitis 
Poor male techniques 
Menopausal changes 
Extragenital pain (arthritis) 
Psychogenic 
Fears 
Vaginismus 
Marital conflicts 
Hysterical character 
Narrow vaginal opening 
Congenital 
Postmenopausal 
Post-radiation 
Organ size discrepancy 
Lack of lubrication 
Over-aggressive male technique 
Inflammations 
Urethritis 
Skenitis 
Bartholinitis 
Folliculitis of labial or perineal hair 
Poor position (angle-of-dangle 
syndrome) 
Painful hymen and fourchette scars 
After episiotomy 
After vaginal repair 
After trauma 
Fourchette infection or irritation 
secondary to vulvovaginitis Sublaxation 
of symphysis pubis during pregnancy 
Narrow vagina 
Congenital 
Postoperative 
Postpartum 
Postmenopausal 
Post-radiation 
Vaginitis 
Candidiasis 
Trichomoniasis 
Gardnerella vaginalis 
E. Coli 
Herpes simplex 
Cystitis, urethritis 
Painful scars 
Postoperative 
Postpartum 
Position (angle-of-dangle syndrome) 
Anorectal disease 
Fissures 
Hemorrhoids 
Cryptitis 
Postoperative scars 
Pinworms 
Ischio-rectal abscess 
Psychogenic: loss of lubrication due to 
female anorgasmia or male anorgasmia 
Varices of broad ligaments 
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Type of pain Site of pain Causes 
lower abdomen Endometriosis 
Cystitis 


Pain during orgasm 


Postcoital pain 


Deep pelvis, lower back, lower abdomen 


Deep pelvis, abdominal wall, lower back 


Postoperative scars and adhesions 
Postmenopausal regression 
Position (angle-of-dangle syndrome) 
Anorectal diseases 
Orthopedic problems 
Residua of pelvic inflammatory disease 
Cervicitis 
Fixed uterine retroversion 
Ovarian disease 

Oophoritis 

Prolapsed ovary 

Adnexal tumors 
Varices of broad ligaments 
Lymphangitis of broad ligaments 
Endometriosis 
Painful postsurgical scars of vaginal 
vault or abdominal wall 
Pelvic congestion due to partner ED 
Varices of broad ligaments 
Endometriosis 
Abdominal scars, hernia 
Vaginal scars 


Disorders of the vulva leading to 
dyspareunia may be infective (e.g. Herpes 
simplex, candidiasis), allergic (e.g. contact 
dermatitis, atopic dermatitis) contact irritation 
by local irritants (e.g. clothing, drugs, local 
sprays, nylon underwear), venereal diseases, 
tumors (e.g. hidradenoma, carcinoma), and 
other skin diseases (e.g. Behcet’s disease, 
circumscribed neurodermatitis, etc..). Nylon 
panties may increase perspiration and cause 
irritant vulvitis. For these women, cotton 
panties are advised. 


Inadequate pre-coital lubrication is one of 
the commonest causes of discomfort on 
entrance. If friction is prolonged, the labia 
minora may be sore and uncomfortable for 
several days. Inadequate lubrication may be 
caused by: (1) inept male technique, (2) low 
libido, (3) slow sexual responsiveness, (4) 
non-conducting situation e.g. fear of children 
coming into the bedroom, and _ (5) 
postmenopausal changes (senile vaginitis). 
Deficiency of estrogen in postmenopausal 
women leads to dyspareunia due to decreased 
lubrication and reduced elasticity of the 
vaginal barrel. 


Urethritis is experienced by most women 
at some time during their lives. This is due to 
the anatomic location of the urethral outlet just 
below the clitoris and beneath the pubic bone. 
Aggressive clitoral stimulation or aggressive 
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and frequent coitus will irritate the urethra and 
secondary infection will occur, seen frequently 
as honeymoon infections. Chronic infections 
may produce adhesions within the urethra 
resulting in strictures. 


The angle-of-dangle syndrome refers to 
dyspareunia occurring with certain coital 
positions in presence of woman genitourinary 
pathology. Pain occurring with the male-above 
position in women having cystitis, 
endometriosis, pelvic adhesions after pelvic 
inflammatory disease, pelvic varicosities, or 
scars of lateral vaginal fornix, may be avoided 
by using the woman-above position. Also, use 
of this position can allow the female to control 
depth of penetration and avoid pain produced 
by an unusually large penis (18 to 20 cm 
length). 


Vaginitis is the most frequent 
gynecological complaint bringing women to a 
physician and is also the most common cause 
of female dyspareunia. Vaginitis produces 
pain due to friction between the penis and 
inflamed vaginal walls. Besides pathogens 
(candida, trichomonas, Gardnerella), vaginitis 
may be produced by frequent vaginal douches. 
The cervix is rarely the site of pathology 
leading to dyspareunia but acute cervicitis 
may cause pain when the cervix is hit by the 
thrusting penis. Painful coitus due to uterine 
pathology is caused by either the penis striking 


a fixed retro-verted uterus or by the penis 
causing uterine movement when the uterus is 
the site of inflammation or is adherent to other 
pelvic structures. As the uterus is pushed 
around during deep penile thrusting, traction 
on intra-pelvic adhesions may produce pain. 
This pain is usually described as deep and 
aching, present during deep thrusting, and 
persisting following cessation of coitus. The 
most frequent causes of uterine adhesions are 
chronic pelvic inflammatory disease and 
pelvic endometriosis. 


Pelvic congestion syndrome with 
varicosities in the broad ligament may result 
from repeated sexual stimulation without 
resolution by orgasm in women with partners 
having premature ejaculation or ED. 


Treatment 


Dyspareunia is primarily a gynecologic 
complaint and organic dyspareunia is treated 
by gynecologists. Treatment lines may be 
surgical and/or medical. Painful scars at 
vaginal introitus may be treated by dilatation 
by fingers or dilators. Inadequate lubrication 
can be assisted by pre-coital application of a 
water-soluble lubricating jelly. Menopausal 
women are helped by this jelly and hormonal 
therapy. Anorectal lesions and orthopedic 
problems should receive their appropriate 
treatment. 


Psychogenic dyspareunia is usually 
diagnosed by exclusion of presence of organic 
lesions and is more likely found in women 
who have experienced anorgasmia prior to 
dyspareunia, have both superficial and deep 
pain and/or have a dysfunctional partner. 


Psychogenic vaginismus is treated by the 
vaginal dilatation technique (chapter 15). 
Other psychogenic factors may be treated with 
educational psychotherapy, marital therapy, 
behavioral psychotherapy, or psycho-dynamic 
psychotherapy, according to the cause. 


Vaginismus 


Vaginismus is an involuntary contraction of 
the peri-vaginal muscles surrounding the outer 
third of the vagina and rendering penetration 
difficult or impossible. Vaginismus arises as a 
defense reaction against anticipated pain or 
injury. The pain may be actual (organic 
vaginismus) or imagined (psychogenic 
vaginismus). Contraction of the muscles 
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(levator ani, bulbocavernosus, and perineal 
muscles) causes narrowing of the lumen of the 
lower third of the vagina, even to the point of 
complete closure. Attempts at penile 
penetration cause pain due to obstruction 
which result in reinforcement of the muscular 
spasm leading to development of a 
conditioned reflex with result that even the 
preliminary sexual approach of the husband 
will lead to contraction not only of the peri- 
vaginal muscles but to the whole pelvic floor 
and a locking of the legs right down to the 
ankles in a mechanism of total physical 
defense. 


Vaginismus may occur in women of all 
ages. It may be primary (in virgins) or 
secondary (after a period of normal coitus). It 
may be total (severe spasm not allowing 
introduction of any object (penis, finger, 
speculum, or vaginal tampon) or relative 
(penis can enter but coitus is painful). 


Vaginismus may present to the physician 


as: (1) unconsummated marriage, (2) 
secondary ED, (3) dyspareunia, or (4) 
infertility. Although the woman with 


vaginismus is fearful of sexual intercourse she 
is usually responsive to non-coital sexual 
arousal with vaginal lubrication and orgasm. 


The etiology of vaginismus may be 
organic or psychogenic and either may be 
primary or secondary. Moreover, organic 
vaginismus after cure of its cause may persist 
through a psychogenic mechanism. Organic 
vaginismus results from the presence of severe 
dyspareunia caused by an organic factor. The 
vaginismus may be primary e.g. due to a 
congenital malformation of the hymen or 
vagina, or secondary e.g. due to a tender 
episiotomy scar. 


Any gynecological cause of dyspareunia 
can lead to vaginismus, including imperforate 
hymen, painful hymenal tags, endometriosis, 
pelvic inflammatory disease, lacerations of the 
vagina or perineum, vaginitis (particularly 
candidal), pelvic tumors, inadequate vaginal 
lubrication, episiotomy scars, clitoral 
adhesions, irritations of the clitoris or urethra, 
cystitis, and allergic reactions to vaginal 
creams. 


Primary psychogenic vaginismus may be 
due to: (1) fear of pain or injury due to sexual 
ignorance or misinformation, (2) fear of 
pregnancy, (3) guilt about sex due to 


constrictive upbringing, and (4) traumatic 
sexual assault at an early age (rape. incest). 
Examples of fears due to sexual ignorance 
include the vagina is “too small’, the penis is 
“too large’, the hymen is “very thick”, 
defloration will be “very painful” and 
bleeding will be “copious”. Some women feel 
that sex is dirty. Secondary psychogenic 
vaginismus may be due to: (1) fear of further 
pregnancies in the absence of a birth control 
measure, (2) rape occurring after a period of 
normal sexual functioning, (3) painful 
experience associated with vaginal insertion 
of a vaginal speculum, a diaphragm, or a 
vaginal suppository prescribed for infection, 
and (4) partner’s premature ejaculation 
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leading to repeated frustration combined with 
local pain following recurrent pelvic 
congestion. 


Diagnosis of vaginismus and its degree is 
achieved only by pelvic examination. In 
severe cases, attempt at examination may 
lead to cries of fear before even being 
touched or marked spasms amounting to 
opisthotonos. Treatment of organic 
vaginismus is directed to he cause of 
dyspareunia and the response is very good. 
Also, an excellent response for psychogenic 
vaginismus is obtained with sex therapy using 
the vaginal dilatation technique (chapter 15). 


Section 6: Female sexual dysfunction 


Chapter 33: Other female sexual disorders 


Iatrogenic factors precipitating 
female sexual disorder 


Pharmacologic effects 


Drug-induced sexual disorders have 
special characteristics: the effect dissipates 
with drug discontinuation or dose reduction; it 
is not explained by the ongoing disease or 
environmental stress; the onset tends to 


coincide with drug initiation or dose increase 
(although a delayed onset is possible); it is 
generalized, i.e. tends to be present in all 
sexual situations and reappears with the 
reintroduction of the drug. Drugs more 
frequently associated with FSD are listed in 
Table 33.1. 


Negative outcomes of sur gery 


These are illustrated in table 33.2. 


Table 33.1: Medications that can cause female sexual problems. 


Medication 


Desire Arousal 
disorder disorders 


Orgasm 
disorders 


Psychotropics Antipsychotics 
Barbiturates 
Benzodiazepines 
Lithium 

SSRIs 

TCA 

MAO inhibitors 


Trazodone 


Venlafaxin 


Cardiovascular and Antilipid medications 
antihypertensive 


sues Beta blockers 
medications 


Clonidine 
Digoxin 
Spironolactone 
Methyldopa 
Danazol 


Hormonal preparations 


GnRH agonists 


Hormonal contraceptives 


Antiandrogens 
Tamoxifen 


GnRH analogs 


Ultra-light contraceptive pills 


Other Histamine H2-receptor 


+ 


+ 


+ + + + + + 
+ + + + + 


+ 
+ + + + 


+ + + Ft Ft + Ft Ft + + + + 


+ + + + 


blockers and pro-motility agents + 


Medication 


Desire Arousal Orgasm 


disorder disorder s disorder s 

Indomethacin + 

Ketoconazole + 

Phenytoin sodium + 

Aromatase inhibitors + + 

Chemotherapeutic agents + + 
Anticholinergics + 
Antihistamines + 
Amphetamines and + 
related anorexic drugs 
Narcotics + 


SSRIs, selective serotonin reuptake inhibitors; TCA, tricyclic antidepressant, MAO inhibitors, monoamine 


oxidase inhibitors. 


Table 33.2: Female sexual side-effects of sur gery. 


Type of sur gery 


Sexual effects 


Mechanisms 


Radical mastectomy 


Gynecologic cancer 


Radical vulvectomy 


Radical vaginal surgery 


Hysterectomy 


Radiotherapy for cancer 
vagina or uterus 


Bilateral oophorectomy in 


ovarian cancer 


Rectal cancer 


Benign gynecologic 
operations 


Episiotomy 


Hysterectomy 


Vagina repair of uterine 
prolapse 


ISD, anorgasmia, sex avoidance, 
avoidance of nudity during coitus 


Dyspareunia in women having 


metastases 


Increased libido and virilization 
in women having metastases 


Dyspareunia 
Decreased arousal 


Dyspareunia 


Dyspareunia 


Dyspareunia 


Dyspareunia 
Increased libido 


Avoidance of sex 


Dyspareunia 


Rarely ISD, often improved 


sexual functioning 


Dyspareunia (some cases) 


Anxiety, depression, decreased self- 
esteem 


Vaginal atrophy and decreased 
lubrication due to decreased estrogen 
from oophorectomy 


Testosterone therapy 


Post-operative introital stenosis 
Surgical removal of clitoris 


Shortened vagina, decreased lubrication 
due to scaring 


Shortened vagina (removal of upper 
third with the uterus) and scarring of rest 
of vagina 


Scarring of vagina 


Estrogen deficiency 
Testosterone therapy for metastases 


Stoma of colectomy gives a sense of 
unattractiveness, fear of leakage or bad 
smell during coitus 


Narrowing of vaginal introitus 


Psychogenic 


Narrowing of vaginal introitus, 
shortening of vagina, tender scar 


[285] 


Female Androgen insufficiency 
syndrome 


Introduction 
Androgens are essential for the 
development of female reproduction as 


immediate precursors of estrogen biosynthesis. 
Androgens affect bone density, libido, muscle 
mass and strength, mood, energy, and adipose 
tissue distribution. As with men, low levels of 
androgens will alter these mechanisms with 
detriment to a woman’s overall wellbeing. In 
recognition of these findings, the Princeton 
Consensus Statement defined “female 
androgen insufficiency” as consisting of a 
pattern of clinical symptoms in the presence of 
decreased bioavailable testosterone and 
normal estrogen status. 


Androgen production 


The group of C19 steroids, collectively 
referred to as androgens, includes testosterone, 
androstenedione, dehydroepiandrosterone 
(DHEA),  dehydroepiandrosterone sulfate 


Testosterone 


Androstenedione 


Peripheral tissues 


(DHEA-S), and 5a-dihydrotestosterone 
(DHT). Of these steroids, testosterone and 
DHT have stronger androgenic activity It is 
generally accepted that women produce a 
mean of approximately 300ug_ testosterone 
daily. Androgen synthesis is multi-factorial. 
The female body generates androgens directly 
in the adrenal glands and in the ovaries. 
Greater than half of these androgens, however, 
are converted in the peripheral tissues from 
precursors made in the adrenal glands and 
ovaries. Much of the testosterone and DHT 
produced in women is synthesized in periph- 
eral tissues and detected as circulating 
metabolites (Fig. 33.1). 


Symptoms of androgen deficiency 


The most frequently encountered 
symptom complex associated with androgen 
deficiency includes decreased libido, increased 
fatigability, and diminished vaginal 


lubrication. Decreased sexual desire was the 
most common presenting symptom in all 
decades between ages 18 and 59 years (Table 
33.3). 


Testosterone 


Testosterone 


Fig. 33.1: Sites of androgen production in women. DHEA, dehydroepiandrosterone. 
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Table 33.3: Clinical symptoms consistent with androgen Insufficiency in females. 


Decreased sexual desire 

Decreased desire to engage in sexual activity 
Decreased desire to be intimate 

Decreased fantasies and/or sexual dreams 
Decreased sexual arousal 

Decreased sexual pleasure 

Decreased energy 


Decreased motivation 


Decreased vaginal lubrication 

Decreased vaginal vasocongestion 
Decreased intensity and delayed orgasms 
Decreased muscle strength 

Decreased sleep 

Decreased sense of well-being 

Increased menopausal symptoms 


Flat mood 


Decreased frequency of sexual fantasies 
often accompanies the lack of sexual desire. 
Some women may report decreased energy 
and over-compromised well-being, both 
subjective elements. Studies have found that 
testosterone replacement in premenopausal 
and postmenopausal women restores well- 
being. Lower androgen levels are associated 
with greater vaginal atrophy and lessened 
vaginal lubrication. 


Causes of androgen insufficiency 


The most logical indication for androgen 
replacement is surgical menopause. After 
hysterectomy and bilateral oophorectomy, 
testosterone levels decrease by half since only 
the adrenal glands are left to produce testos- 
terone. Similarly, patients with premature 
ovarian failure also experience deficient 
androgen levels (Table 33.4). 


Medical oophorectomy damages cells 
secondary to chemotherapy or radiation 
therapy. Gonadotropin-releasing hormone 


(GnRH) antagonist therapy yields the same 
result. Treatment with cortisone or steroid- 
containing medications suppresses pituitary 
secretion of adreno-corticotropic hormone 


(ACTH), therefore decreasing adrenal 
androgen production. 
Exogenous oral estrogens used as 


contraceptive pills or hormone replacement 
therapy decrease ovarian production of 
androgens and their precursors. Oral estrogen 
suppresses the elevated gonadotropins, 
luteinizing hormone (LH) and follicle- 
stimulating hormone (FSH), found during 
menopause, thus lowering testosterone 
production by the ovary. It also increases sex 
hormone-binding globulin (SHBG), which 
binds testosterone and decreases the free 
fraction, i.e., the metabolically active 


component that can reach the tissues. This 
scenario mimics other situations of elevated 
SHBG levels, such as pregnancy, cirrhosis, 
excess thyroid hormone, anorexia nervosa, or 
anti-epileptic medications. 


Hypopituitarism, from any etiology; leads 
to androgen and estrogen suppression and 
pituitary decline. Both the adrenal gland and 
ovary production are curtailed. These women, 
irrespective of age, menopausal status, and 
exogenous estrogen use are severely affected 
compared to healthy counterparts. 


Acute critical illness will decrease 
gonadotropin levels, even in postmenopausal 
women whose levels are usually elevated. 
Chronic illnesses suppress the central 
gonadotropin axis, leading to hindered 
testosterone production. In acute, chronic, and 
severe systemic illnesses, the body often 
conserves energy and shifts the production of 
androgens to cortisol and epinephrine 
(adrenaline). 


Adrenal insufficiency whether primary, 
secondary, or part of the multiple endocrine 
deficiency syndrome, will decrease DHEA-S 
production. This leads to decreased peripheral 
conversion to form testosterone. Women with 
adrenal insufficiency will have symptoms of 
androgen deficiency coinciding with abnormal 
DHEA-S and testosterone levels. Replacement 
with oral DHEA-S reverses these symptoms. 


A group of women still warranting further 
investigation are the younger, menstruating, 
otherwise healthy women who do not take oral 
contraceptives, yet have decreased androgens 
and precursors. These women are 
symptomatic, with the presenting complaint 
usually reduced libido. Much more study is 
needed with this population, to confirm the 
entity and to study its extent in the population. 
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Table 33.4: Potential causes of androgen insufficiency in women. 


Ovarian insufficiency 

Oophorectomy 

Chemotherapy 

Radiation therapy 

Menopause 

Premature ovarian failure 
Adrenal insufficiency 

Adrenalectomy 

Addison’s disease 

Multiple endocrine deficiency syndrome 
Hypothalamic-pituitary Insufficiency 


Hypopituitarism, organic (tumor, hypophysitis, idiopathic necrosis) 


Hypothalamic amenorrhea (functional) 
Hyperprolactinemia 

Drug-related 
Estrogen replacement therapy 
Oral or injectable contraceptive products 
Corticosteroids 
GnRH agonists or antagonists 


Anti-androgenic agents (cimetidine, flutamide, cyproterone acetate, spironolactone) 


Chronic illness 
AIDS wasting 
Anorexia nervosa 


Immunologic disorders (rheumatoid arthritis, systemic lupus erythematosus) 


Acute stress/illness 
Increased sex hormone-binding globulin 
Idiopathic 


Laboratory testing 


In women, free testosterone levels are 
needed for accurate diagnosis of testosterone 
deficiency, because a greater proportion of 
testosterone is bound to SHBG in women than 
in men. In most men. total testosterone levels 
are sufficient for diagnosis of androgen 
deficiency. Medications and diseases that 
influence SHBG levels affect testosterone 
levels in women more profoundly than in men. 


Testosterone values should be obtained in 
the morning hours and during the middle third 
of the menstrual cycle when the androgens are 
at their highest in normally cycling 
premenopausal women. The free testosterone 
index (total testosterone divided by SHBG) 
correlates with bio-available testosterone and 
may be a substitute evaluation. 


Androgen therapy 


There are no approved methods of 
replacing testosterone in women. The addition 
of androgen to estrogen replacement has 
additive beneficial effects. One of the main 
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criticisms has been the notion that oftentimes 
the levels of androgens have been supra- 
physiological, with the fear of exacerbated 
side-effects. Treatment of women with 
androgen insufficiency is a goal that is 
attainable, after development of adequate tools 
to diagnose and to treat the condition. More 
research is needed in these areas before we 
can make definitive statements about the 
usefulness and safety of androgen replacement 
therapy in women. 


Female Hyperandrogenism 


Unlike male hypogonadism, failure of 
ovarian function in the female i.e. 
hypogonadism, does not result in decreased 
libido or impaired sexual function. Estrogen is 
not needed for female sexual desire. However, 
estrogen deficiency can lead to female 
climacteric and/or dyspareunia. 


Some women develop overproduction of 
androgens by their ovaries. However, there are 
other causes for hyperandrogenism in the 
female. 


Table 33.5: Types, clinical features and etiology of female hyper androgenism. 


Type Clinical features Etiology 

Localized Hirsutism (idiopathic type) Plasma free testosterone level normal or slightly 

cutaneous Oily skin elevated. Over production of DHT due to excess 5-0 
Acne reductase activity in target organs (hair follicles) 

Systemic Virilization Raised plasma free testosterone level: 

virilizing Hirsutism, oily skin, acne Common: polycystic ovary disease 


Hyperlibido 

Clitoral enlargement 

Bitemporal baldness 

Deepening of voice 

Increased muscle mass 
Defeminization 

Menstrual irregularities 


Breast atrophy 


Rare: androgen-secreting tumor of ovary or adrenal 
cortex 


Cushing’s syndrome 


Exogenous androgens e.g. cancer breast 


Adult onset adrenal hyperplasia 


The etiology, clinical features and diagnosis of 
female hyperandrogenism are presented in 
tables 33.5 and 33.6. The author classifies 
female hyper androgenism into 2 types i.e. 
localized cutaneous and systemic virilizing. 
The localized type leads to skin features 
mainly (hirsutism, oily skin, acne), is caused 
by local error in 5 a-reductase in the hair 
Table 33.6: Diagnosis of female hyperandrogenism. 


follicles, is associated with normal or slightly 
elevated plasma testosterone level, and other 
features of virilization are usually absent. In 
the systemic type the full picture of virilization 
is usually present, including skin features, and 
there is androgen over production and 
increased total and free plasma testosterone 
levels. 


Etiology Diagnosis 


Exogenous intake History 


Idiopathic hirsutism 


Normal or slightly elevated plasma free testosterone 


Elevated plasma level of A-diol-glucoronide (metabolite of DHT) 


Ovarian origin 


Functional (polycystic 
ovary disease) 


Large ovaries 


LH/FSH ratio 3:1 


Elevated total and free plasma testosterone 


Normalization of testosterone levels (i.e. suppression of overproduction) by 


oral contraceptives 


Tumor 


Total plasma testosterone > 2 ng/ml 


Free plasma testosterone > 50 pg/ml 


Testosterone not suppressible by contraceptives 


Adrenal origin 


Functional (adult onset Elevated plasma level of total and free testosterone 


adrenal hyperplasia) Elevated plasma level of 17-hydroxy-progesterone 
Elevated plasma level of DHEAS-sulphate (=4-8ug/ml) 
Testosterone suppressible by oral dexamethasone 
Tumor Total plasma testosterone > 2 ng/ml 


Free plasma testosterone > 50 pg/ml 

Elevated plasma DHEAS-sulphate > 8 ug/ml 

Testosterone not suppressible with dexamethasone 
Cushing’s syndrome Elevated plasma total and free testosterone 


Elevated plasma level of cortisol 
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In female hyperandrogenism due to 
functional causes the onset is gradual and 
virilization is not severe. The onset is rapid 
and the patient is extremely hirsute or virilized 
in cases of androgen- secreting tumors of the 
ovary and adrenal. 


Patients having idiopathic hirsutism are 
treated by LASER and spironolactone. 
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Patients with polycystic ovaries are treated by 
oral contraceptives and spironolactone. 
Patients with adult onset adrenal hyperplasia 
are given 0.5mg dexamethasone at bedtime 
and also spironolactone. The daily dose of 
spironolactone in female hyper-androgenism 
is 100 to 200mg. Patients having adrenal or 
ovarian tumors are treated by surgery. 


Section 7: Basic aspects of male reproduction 


Chapter 34: Functional organization of the testis 


The testes produce the male gametes and 
the male sexual hormones (androgens). The 
term spermatogenesis describes and includes 
all the processes involved in the production of 
gametes, whereas steroidogenesis refers to the 
enzymatic reactions leading to the production 
of male steroid hormones. Spermatogenesis 
and steroidogenesis take place in two 
compartments morphologically and 
functionally distinguishable from each other. 
These are the tubular compartment consisting 
of the seminiferous tubules and the interstitial 
compartment between the seminiferous 
tubules. Although anatomically separate, both 
compartments are closely connected with each 
other. For quantitatively and qualitatively 
normal production of sperm the integrity of 
both compartments is necessary. The function 
of the testis and thereby also the function of its 


compartments are governed by the 
hypothalamus and the pituitary gland 
(endocrine regulation). These endocrine 


effects are mediated and modulated at the 
testicular level by local control mechanisms 
(paracrine and autocrine factors). 


Interstitial Compartment 


The most important cells of this 
compartment are Leydig cells. These cells are 
the source of testicular testosterone and of 
insulin-like factor 3 (INSL3). Aside from 
Leydig cells, the interstitial compartment also 
contains immune cells, blood and lymph 
vessels, nerves, fibroblasts and loose 
connective tissue. 


In the human testis the interstitial 
compartment represents about 12-15% of the 
total testicular volume, 10-20% of which is 
occupied by Leydig cells. Human testes 
contain proximately 200 x 10° Leydig cells. 


Leydig Cells 


These cells were first described in 1850 
by Franz Leydig. Leydig cells produce and 
secrete the most important male sexual 
hormone, testosterone. From the 
developmental, morphological and functional 
view point different types of cells can be 
distinguished: stem Leydig cells as founder 
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cell, progenitor Leydig cells as a committed 
stem cell, fetal Leydig cells as a terminally 
differentiated cell in the fetus, and adult 
Leydig cells as the terminally differentiated 
Leydig cell. Fetal Leydig cells become 
neonatal Leydig cells at birth and degenerate 
thereafter or regress into immature Leydig 
cells. Fetal Leydig cells produce testosterone. 


Adult Leydig cells are rich in smooth 
endoplasmic reticulum and mitochondria with 
tubular cristae. These physiological 
characteristics are typical for steroid- 
producing cells and are very similar to those 
found in other steroidogenic cells, such as 
those in the adrenal gland and in the ovary. 
Other important cytoplasmic components are 
lipofuscin granules, the final product of 
endocytosis and lysosomal degradation, and 
lipid droplets, in which the preliminary stages 
of testosterone synthesis take place. Special 
formations, called Reinke’s crystals, are often 
found in the adult Leydig cells. These are 
probably subunits of globular proteins whose 
functional meaning is not known. The 
proliferation rate of the Leydig cells in the 
adult testis is rather low and is influenced by 
LH. The ontogeny of Leydig cells is not 
entirely clear and mesonephros, neural crest 
and coelomic sources have been involved. In 
the adult testis, Leydig cells develop from 
perivascular and peritubular mesenchymal-like 
cells and the differentiation of these cells into 
Leydig cells is induced by LH but also by 
growth factors and differentiation factors 
derived from Sertoli cells. 


Macrophages lymphocytes and nerve fibers 


Besides Leydig cells, the interstitial 
compartment also contains cells belonging to 
the immune system: macrophages and 
lymphocytes. For every 10-50 Leydig cells 
one macrophage is to be found. The 
macrophages probably influence the function 
of the Leydig cells, in particular their 
proliferation, differentiation and steroid 
production, through the secretion of cytokines. 
Macrophages secrete stimulators and 
inhibitors of steroidogenesis. Proinflammatory 
cytokines, reactive oxygen species, nitric 


oxide and prostaglandins can inhibit Leydig 
cell function. There is evidence for an 
involvement of neurotransmitters and related 
signalling factors during regulation of Leydig 
cell function. 


Tubular Comportment 


Spermatogenesis takes place in the 
tubular compartment. This compartment 
represents about 60-80% of the total testicular 
volume. It contains the germ cells and two 
different types of somatic cells, the peritubular 
cells and the Sertoli cells. The testis is divided 
by septa of connective tissue into about 250- 
300 lobules, each one containing 1-3 highly 
convoluted seminiferous tubules. Overall, the 
human testis contains about 600 seminiferous 
tubules. The length of individual seminiferous 
tubules is about 30-80cm. Considering an 
average number of about 600 seminiferous 
tubules per testis and an average length of the 
tubule of about 60cm each, the total length of 
the seminiferous tubules is about 360m per 
testis, i.e., 720m of seminiferous epithelium 
per man. 


Peritubular Cells 


The seminiferous tubules are covered by a 
lamina propria. which consists of a basal 
membrane, a layer of collagen and the 
peritubular cells (myofibroblasts). These cells 
arc stratified around the tubule and form up to 
concentrical layers that are separated by 
collagen layers. Peritubular cells produce 
several factors that are involved in cellular 
contractility: panactin, desmin, gelsolin, 
smooth muscle myosin and actin. These cells 
also secrete extracellular matrix and factors 
typically expressed by connective tissue cells: 
collagen, laminin, vimentin, fibronectin, 
growth factors, fibroblast protein and adhesion 
molecules. There is also secretion of nerve 
growth factor and pro-inflammatory 
molecules, e.g., II-1B and cyclooxygenase-2 
under the influence of TNF-a. Myofibroblasts 
are poorly differentiated myocytes with the 
capacity of spontaneous contraction. Mature 
sperm are transported towards the exit of the 
seminiferous tubules by contraction of these 
cells and several regulators of cell contractions 
are reported, e.g., oxytocin, oxytocin-like 
substances, prostaglandins, androgenic 
steroids, endothelins, endothelin convening 
enzymes and endothelin receptors. Peritubular 
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contractility is mediated by endothelin and this 
effect is modulated by the relaxant peptide 
adrenomedullin produced by Sertoli cells. 


Disturbances of testicular function and 
decreased or absent spermatogenic activity are 
associated with thickening of the layer of 
collagen fibres and of the material present 
between the peritubular cells. When this is the 
case, the tubular wall becomes fibrotic or - 
based on the histological appearance- 
hyalinized. An interaction between testicular 
mast cells and peritubular cells leading to 
fibrotic changes of the seminiferous tubular 
wall has been suggested. 


Sertoli Cells 


Sertoli cells are somatic cells located 
within the germinal epithelium. In adulthood 
these cells arc mitotically inactive. They are 
named after Enrico Sertoli in 1865 and, due to 
their prominent cytoplasmatic projections and 
ramifications he called them "cellulae 
ramificate". These cells are located on the 
basal membrane and extend to the lumen of 
the seminiferous tubule and, in a broad sense, 
can be considered as the supporting structure 
of the germinal epithelium. Along the cell 
body, extending over the entire height of the 
germinal epithelium, all morphological and 
physiological differentiation and maturation of 
the germinal cell up to the mature sperm take 
place. Special ectoplasmic structures sustain 
alignment and orientation of the sperm during 
differentiation. About 35-40% of the volume 
of the germinal epithelium is represented by 
Sertoli cells. The intact testis with complete 
spermatogenesis contains 800-1200 x 10° 
Sertoli cells or approximately 25 x 10° Sertoli 
cells per gram testis. 


Sertoli cells synthesize and secrete a large 
variety of factors: proteins, cytokines, growth 
factors. opioids, steroids. prostaglandins, 
modulators of cell division etc. The 
morphology of Sertoli cells is strictly related 
to their various physiological functions. 
Cytoplasm contains endoplasmic reticulum 
both of the smooth (steroid synthesis) and 
rough type (protein synthesis), a prominent 
Golgi apparatus (elaboration and transport of 
secretory products), lysosomal granules 
(phagocytosis) as well as microtubules and 
intermediate filaments (adaptation of the cell 
shape during the different phases of germ cell 
maturation). It is generally assumed that 


Sertoli cells coordinate the spermatogenic 
process topographically and functionally. On 
the other hand, more recent data support the 
contention that germ cells control Sertoli cell 
functions. 


Another important function of Sertoli 
cells is that they are responsible for final 
testicular volume and sperm production in the 
adult. Each individual Sertoli cell is in 
morphological and functional contact with a 
defined number of sperm. The number of 
sperm per Sertoli cell depends on the species. 
In men we observe about 10 germ cells or 1.5 
spermatozoa per each Sertoli cell. 


Stereological investigations suggest that 
the number of Sertoli cells in men increases 
until the 15" year of life. Sertoli cell 
proliferation is markedly activated when 
exposed to gonadotropin activity. Both Sertoli 
cell number and expression of markers of cell 
division are stimulated by these hormones. 
The division of Sertoli cells ends when the 
first germ cells undergo meiotic division and 
Sertoli cells have built tight junctions 
between each other the so-called blood-testis- 
barrier. Lack of connexin-43, a predominant 
gap-junction protein, prevents Sertoli cell 
maturation associated with continued division 
of Sertoli cells and spermatogenic arrest 
beyond spermatogonial development. 
Expression of Sertoli cells markers such as 
transferrin, androgen-binding protein and 
junctional proteins such as _ N-cadherin, 
connexin-43, gelsolin, laminin-y3, occludin, 
testin, nectin, zyxin and vinculin is androgen- 
dependent. It appears that several of these 
components are involved in establishing the 
blood-testis-barrier but also in the release of 
sperm and subsequent remodelling of the 
Sertoli cell-germ cell junctions. 


Through the production and secretion of 
tubular fluid Sertoli cells create and maintain 
the patency of the tubulus lumen. More than 
90% of Sertoli cell fluid is secreted in the 
tubular lumen. Special structural elements of 
the blood-testis barrier prevent reabsorption of 
the secreted fluid, resulting in pressure that 
maintains the patency of the lumen. Sperm are 
transported in the tubular fluid. Unlike 
blood, the tubular fluid contains a higher 
concentration of potassium ions and a lower 
concentration of sodium ions. Other 
constituents are bicarbonate, magnesium and 
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chloride ions, inositol, glucose, carnitine, 
glycerol-phosphorylcholine, amino acids and 
several proteins. Therefore, the germ cells are 
immersed in a fluid of unique composition. 


The basolateral aspect of neighboring 
Sertoli cells comprises membrane 
specializations forming a band sealing the 
cells to each other and obliterating the 
intracellular space (occluding tight junctions). 
The physiological function of the blood-testis 
barrier has been proven in experiments 
showing that dyes or lanthanum applied 
outside the barrier could diffuse only up to the 
tight junctions without reaching the lumen of 
the seminiferous tubules. The closure of the 
blood-testis barrier coincides with the 
beginning of the first meiosis in the germinal 
cells (preleptotene, zygotene) and with the 
arrest of proliferation of Sertoli cells. Through 
the blood-testis-barrier the seminiferous 
epithelium is divided into two regions which 
are anatomically and functionally completely 
different from each other. Early germ cells 
are located in the basal region and the later 
stages of maturing germ cells in the adluminal 
region. During their development germ cells 
are displaced from the basal to the adluminal 
compartment. This is accomplished by a 
synchronized dissolution and reassembly of 
the tight junctions above and below the 
migrating germ cells. 


Two important functions are postulated 
for the blood-testis-barrier: the physical 
isolation of haploid and thereby antigenic 
germ cells to prevent recognition by the 
immune system (prevention of autoimmune 
orchitis,) and the preparation of a special 
milieu for the meiotic process and sperm 
development. The constitution of the blood- 
testis-barrier and its selectivity in excluding 
certain molecules means that the cells 
localized in the adluminal compartment have 
no direct access to metabolites deriving from 
the periphery or from the interstitium. 
Therefore, these cells are completely 
dependent on Sertoli cells for their 
maintenance. This “nourishing function” 
could be exercised through different 
mechanisms: selective transport and 
transcytosis as well as synthesis and vectorial 
secretion. 


Germinal Cells 


Spermatogenesis starts with the division 


of stem cells and ends with the formation of 
mature sperm. The various germ cells are 
arranged in typical cellular associations within 
the seminiferous tubules known as 
spermatogenic stages and the entire 
spermatogenic process can be divided into 
four phases: 


1. Mitotic proliferation and differentiation of 
diploid germ cells (spermatogonia) 
(spermatogoniogenesis). 


2. Meiotic division of tetraploid germ cells 
(spermatocytes) resulting in haploid germ cells 
(spermatids). 


3. Transformation of spermatids into testicular 
sperm (spermiogenesis). 


4. Release of sperm from the germinal 
epithelium into the tubular lumen 
(spermiation). 


Spermatogonia lie at the base of the 
seminiferous epithelium and are classified as 
type A and type B spermatogonia. Two types 
of A spermatogonia can he distinguished: the 
Ad (dark) spermatogonia and the Ap (pale) 
spermatogonia. The Ad spermatogonia do not 
show proliferating activity under normal 
circumstances and are believed to divide only 
rarely. These spermatogonia are considered to 
represent testicular stem cells. These germ 
cells, however, undergo mitosis when the 
overall spermatogonial population is 
drastically reduced, for example due to 
radiation. In contrast, the Ap spermatogonia 
divide, renew themselves and differentiate into 
two B spermatogonia. Detailed studies in non- 
human primates led to a revised model for 
spermatogonial expansion in men: only Ap 
spermatogonia divide and give rise to Ap 
spermatogonia (to replenish this cell pool) as 
well as to B-type spermatogonia for further 
development. From B spermatogonia the 
preleplotene spermatocytes are derived 
directly before the beginning of the meiotic 
division. The latter germ cells commence 
DNA synthesis. Mother and daughter cells 
remain in close contact with each other 
through intercellular bridges. This “clonal” 
mode of germ cell development is possibly the 
basis and at the same time probably the 
prerequisite for the coordinated maturation of 
gametes in the seminiferous epithelium. 


Tetraploid germ cells are known as 
spermatocytes and go through the different 
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phases of the meiotic division. The pachytene 
phase is characterized by intensive RNA 
synthesis. Haploid germ cells, the spermatids, 
result from the meiotic division. The meiotic 
process is a critical event in gametogenesis, 
during which recombination of genetic 
material, reduction of chromosome number 
and development of spermatids have to be 
accomplished. Secondary spermatocytes are 
derived from the first meiotic division. These 
germ cells contain a haploid chromosomal set 
in duplicate form. During the second meiotic 
division spermatocytes are divided into the 
haploid spermatids. The prophase of the first 
meiosis lasts 1-3 weeks, whereas the other 
phases of the first meiosis and the entire 
second meiosis are concluded within 1-2 days. 


Spermatids are derived from the second 
meiotic division and are round mitotically 
inactive cells which undergo a remarkable and 
complicated transformation leading to the final 
production of differentiated elongated 
spermatids and sperm. These processes 
include condensation and structural shaping of 
the cell nucleus, the formation of a flagellum 
and the expulsion of a large part of cytoplasm. 
The overall process is called spermiogenesis 
and, from a qualitative point of view, is 
identical in all species. It is useful to divide 
spermiogenesis into four phases: Golgi, cap, 
acrosomal and maturation phases. 


During the Golgi phase acrosomal 
bubbles and cranio-caudal symmetry appear. 
in the cap phase the spermatids become 
elongated and the acrosome develops, 
covering the cranial half to two-thirds of the 
spermatid. During the fertilization process 
enzymes are released by the acrosome, 
allowing the sperm to penetrate the egg. 


In the acrosomal phase the cell nucleus 
becomes further condensed and elongation of 
the cell continues. During condensation the 


majority of histones are lost and gene 
transcription stops. 
The flagellum is now mature. The 


principal event during the maturation phase 
of the spermatids is the extrusion of the rest of 
the cytoplasm as the so-called residual body. 
Residual bodies are phagocytosed by Sertoli 
cells and have a regulatory role. Elongated 
spermatids and their residual bodies influence 
the secretory function of Sertoli cells 
(production of tubular fluid, inhibin, 


androgen-binding protein and interleukin-1 
and 6). In parallel with degradation of the 
residual bodies, a new spermatogenic cycle 
begins. 


The release of sperm into the tubular 
lumen is designated as spermiation. This 
process can he particularly affected by 
hormonal modification. temperature and 
toxins. Sperm that are not released are 
phagocytosed sp by Sertoli cells. Round and 
elongated spermatids already contain all the 
information necessary for fertilization; since 
introduction of intra-cytoplasmic injection of 
testicular sperm and even round spermatids it 
has become possible to induce pregnancies 
successfully. 


Vascularization, temperature 
regulation and spermatogenesis 


Vascularization of the testis has two main 
roles: transport and mobilization of endocrine 
factors and metabolites, as well as regulation 
of testicular temperature. The arterial supply 
of the testicular parenchyma follows the 
lobular division of the seminiferous tubules. 
Each lobule is supplied by one artery from 
which segmental arteries originate at a 
distance of about 300um from each other, 
supplying-blood to the lateral regions of the 
lobules. Segmental arteries and capillaries 
become branched between the Leydig cells 
and finally give rise to the venous system. 


In men testicular temperature is about 3- 
4°C below core body temperature and about 
1.5-2.5°C above the temperature of scrotal 
skin. For the maintenance of a physiologically 
lower temperature the testis relies on two 
thermoregulatory systems. Heat can be 
transferred to the external environment 
through the scrotal skin, as the scrotal skin is 
very thin, possesses hardly any subcutaneous 
fat tissue and has a very large surface. 
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The second regulatory system is the 
pampiniform plexus. In this system, the 
convoluted testicular artery is surrounded by 
several veins coiling around the artery several 
times. Arterial blood arriving at the testis is 
thereby cooled down by the surrounding 
venous blood. The usual explanation for the 
pampiniform plexus here is to efficiently 
maintain the optimal temperature which is 
below body temperature. Recently a new 
theory has been put forward hypothesizing 
that the process of spermatogenesis results in a 
large amount of heat which has to be 
regulated. Testes are located in the scrotum in 
order to maintain lower than body tem- 
peratures. Human scrotal skin is devoid of 
subcutaneous fat and the presence of high 
sweat gland density enables heat transmission. 
Upon exposure to cold temperatures, the 
scrotal surface is minimized by contraction for 
preventing temperature loss and cremasteric 
muscles retract the testes closer to the 
abdomen for temperature maintenance. 


In case of varicocele, defined as 
abnormally dilated scrotal veins, scrotal 
temperature is increased. Approximately 15% 
of normal men have a varicocele, with 40% of 
them having fertility problems. Venous reflux 
and testicular temperature elevation appear to 
play an important role in testicular 
dysfunction, although the exact patho- 
physiologic mechanisms involved are not yet 
completely understood. An increase of 
testicular temperature results in damage of 
the spermatogenic function of the testis. If 
testicular temperature is increased in adults, 
reversible spermatogenic damage can be 
induced. Most importantly, however, 
substantial increase of temperature must be 
achieved. Scrotal temperature elevations by 
0.8-1°C over a period of 52 weeks in healthy 
volunteers had no adverse effect on the 
number and quality of spermatozoa. 


Section 7: Basic aspects of male reproduction 
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control of testicular 


function: Hypothalamic-pituitary gonadal axis 


Introduction 


The male hypothalamic-pituitary-gonadal 
(HPG) axis is a finely controlled system 
whose role is to promote spermatogenesis and 
androgen biosynthesis. Hypothalamus, 
pituitary, and testes secrete hormones and 
peptides that feed back at multiple levels of 
the reproductive axis to control their own 
synthesis and secretion, resulting in a tightly 
regulated system (Fig. 35.1). Specific neurons 
in the hypothalamus secrete the decapeptide 
gonadotropin-releasing hormone (GnRH) in 
an episodic pattern of pulses. GnRH is 
transported through the hypophyseal portal 
circulation to the anterior pituitary gland, 
where it binds to its own receptors on a 
specific pituitary cell type, the gonadotrope, to 
modulate the synthesis and secretion of the 
gonadotropins, luteinizing hormone (LH) and 
follicle-stimulating hormone (FSH). Gonado- 
tropins, in turn, are secreted into the systemic 
circulation and act on the testes to regulate 
spermatogenesis and androgen biosynthesis. 
Gonadal steroids and peptides are finally 
secreted into the systemic circulation and act 
to modulate hypothalamic and pituitary 
function in both positive and negative 
feedback loops. Such a dynamic system 
achieves homeostasis via axis-specific, time- 
delayed, and dose-responsive feedback and 
feed-forward linkages. 


GnRH 


GnRH is a decapeptide produced in the 
GnRH neurons located in the preoptic area and 
projected to the median eminence of 
hypothalamus. It is released in the portal blood 
in discrete pulses, and the frequency and 
amplitudes of such pulses determine the 
pattern of FSH and LH release from the 
pituitary. GnRH secretion is regulated by 
autocrine, paracrine, and endocrine 
mechanisms as follows (Table 35.1). 


Regulation of GnRH secretion 
Autocrine regulation 


GnRH is thought to regulate its own 
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release by means of an ultrashort loop 
feedback mechanism. GnRH agonists have 
been shown to reduce GnRH release both in 
vivo and in vitro, as a result of the interaction 
with the GnRH receptor (GnRHR), which is 
expressed within the hypothalamus. 


Synchronization of GnRH neuron activity 
is critical for episodic hormone release, but 
the mechanisms for GnRH neuron 
coordination remain unclear. One possible 
mechanism involves synaptic interactions 
among these cells, with GnRH itself being 
implicated in the mediation of such 
communication. It was found that a 
substantial subpopulation of adult GnRH 
neurons expressed GnRHR-I, and that the 
response to activation of this receptor was 
dose-dependent, with low doses inhibiting 
and high doses stimulating firing rate. The 
reduction in firing rate induced by a low- 
dose GnRH signal supported the hypothesis 
that GnRH exerts an ultrashort negative 
feedback loop upon its own release. On the 
other hand, the increased firing rate seen with 
high doses suggested that autoregulation of 
GnRH neurons would vary depending on the 
level of GnRH near the receptor. GnRH 
neurons could, therefore, activate and 
suppress their own activity using GnRH 
itself as an intra-GnRH neural network 
signal, a strategy that could have important 
implications for generation of the GnRH 
surge in addition to the regulation of pulsatile 
release. 


Interestingly, it has been found that 
GnRH neurons could modulate their own 
GnRH secretion through the synthesis of 
factors other than GnRH itself. GnRH 
neurons, are able to synthesize two different 
endocannabinoids. Cannabinoids have been 
demonstrated to reduce sperm counts, depress 
serum testosterone level, and suppress serum 
LH level. Endocannabinoids may play a role 
in the ultra-short feedback system of GnRH 
regulation by autocrine or juxtacrine 
interactions with cells in close apposition to 
GnRH neurons. 


Paracrine level | 
IGF-1 (+) | 
Kisspeptin (-) | 
GnRH-It (?) | 

Ultra-short loop ` 
feedback 


Gonadotrope cells 


“Anhibin B 


Sertoli cells 


Testis 


Fig. 35.1: 
hypothalamic-pituitary-gonadal axis. 


Paracrine regulation 


In addition to GnRH-I, a second GnRH 
subtype (GnRH-II), has been found in 
humans. 


GnRH-II was found to be as effective as 
GnRH-I in stimulating LH release both in vivo 
and in vitro, as well as in stimulating FSH 
release in vitro. Because it seems that GnRH- 
II most likely exerts its physiological action 
via the established GnRH-I pathway, its 
involvement in the paracrine control of 
GnRH-I secretion has been hypothesized. 


Table 35.1: Regulation of GnRH release. 
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= Feed-forward control 
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Estrogen (brain) 
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Schematic overview of feed-forward and feedback controls within the male 


It has been suggested that insulin-like 
growth factor 1 (IGF-1) is involved in the 
paracrine control of GnRH secretion, and is 
believed to play an important role in the 
regulation of pubertal development. Recently 
it has been proposed that kisspeptin, an RF- 
amide peptide ligand for G-protein-coupled 
receptor 54 (GPR54), may have a role in 
regulating GnRH secretion. GPR54 was found 
to be localized in GnRH neurons. Moreover, 
peripheral and central administration of this 
peptide can provoke a robust gonadotropin 
release. 


Modulators Autocrine regulation Paracrine regulation Endocrine regulation 
GnRH-I Ultrashort feedback - - 
Endocannabinoids Ultra-short feedback - - 
GnRH-II - (stimulatory) role in = 
GnRH secretion 
IGF-1 - Enhances GnRH gene 
transcription 
Kisspeptin Stimulates GnRH release 
through GPR54 
Testosterone Restrains activity of the 
GnRH-LH unit 
Oestrogens Reduces the frequency of 
GnRH secretion 
Neurotensin - Activates GnRH 
electrical activity 
Norepinephrine - Activates GnRH 


electrical activity 
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Endocrine regulation 


Testosterone is though to feed back to 
restrain activity of he GnRH-gonadotrope 
secretory unit. Pharmacological amounts of 
testosterone suppress LH release in healthy 
men, and excessive estrogen delivery 
represses gonadotropin secretion in the 
human. Conversely, selective non-steroidal 
antagonists of the estrogen or androgen 
receptor moderately augment LH and FSH 
secretion. 


Studies with aromatase inhibitors suggest 
that aromatization of testosterone to estradiol 
within the brain is an important step in the 
feedback regulation of GnRH secretion. It 
has been postulated that estrogen modulates 
activity of GnRH neuron activity by using a 
variety of different mechanisms to regulate the 
GnRH neurons. 


Pattern of GnRH secretion 


GnRH is released from the 
hypothalamus in a pulsatile pattern, and the 
stimulation of gonadotropin biosynthesis and 
secretion by GnRH is dependent on the 
pulsatile nature of GnRH delivery to the 
anterior pituitary. Administration of 
exogenous GnRH in a continuous fashion 
results, in effect, in the down-regulation of 
gonadotropin subunit mRNA levels and of LH 
and FSH secretion, whereas pulsatile GnRH 
stimulates mRNA levels and secretion. In 
particular, LH-B subunit mRNA levels seem to 
be stimulated to a greater extent by a GnRH 
pulse frequency of every 30 minutes, while 
FSH-B subunit mRNA levels are stimulated to 
a greater extent by a lower GnRH pulse 
frequency, every 120 minutes. 


Gonadotropins 


Gonadotropins FSH and LH are 
glycoproteins consisting of a common œQ 
subunit and a hormone-specific B subunit that 
are associated through non-covalent inter- 
actions. While the B subunits determine the 
functional specificity of gonadotropins, their 
intrinsic bioactivity is to a great extent 
determined by their degree of glycosylation. 


Gonadotropins are essential for 
spermatogenesis and secretion of testicular 
androgens. Lack of gonadotropins results in 
suppression of spermatogenesis as 
demonstrated by hypophysectomy, by GnRH 
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immunization, and by GnRH analog treatment. 
Both FSH and LH play an important role in 
regulating spermatogenesis. FSH seems to be 
essential to promote spermatogenesis in men, 
as men identified with inactivating FSH- 
mutation were found to be azoospermic. The 
integrity of FSH receptors is also a 
prerequisite for intact spermatogenesis, as 
inactivation of FSH receptor genes was found 
to lead to a variable degree of spermatogenic 
failure and infertility. while targeted 
disruption of FSH receptor genes has clearly 
demonstrated that FSH signaling is required 
for maintaining normal testicular size, 
seminiferous tubular diameter, sperm number, 
and sperm motility. 


FSH increases spermatogonial number 
and maturation of spermatocytes, including 
meiosis, but it is unable to complete 
spermatogenesis. LH participates in 
regulating spermatogenesis by stimulating 
the synthesis of testosterone, which plays an 
essential role in spermatid maturation. It has 
been found, indeed, that total functional 
inactivation of LH caused arrest of 
spermatogenesis and absence of Leydig cells 
in men with mutation of the LH-B gene, while 
treatment with human chorionic gonadotropin 
(hCG) resulted in onset of spermatogenesis. 


LH is essential for testosterone secretion 
by Leydig cells. A permissive role of FSH is 
postulated, as FSH-stimulated Sertoli cells 
secrete IGF-1, which acts in an autocrine and 
paracrine fashion to induce LH receptors and 
enhance proliferation and steroidogenesis in 
mouse Leydig cells. 


An episode of LH secretion induced by 
GnRH results in stimulation of the side-chain 
cleavage enzyme with the subsequent release 
of testosterone within 30-60 minutes of LH 
stimulation. This testosterone response lasts 
approximately 24-48 hours. It has been 
observed that between 24 and 48 hours after 
an LH or hCG injection, Leydig cells are 
refractory to further stimulation by either 
hormone. 


Regulation of gonadotropin secretion 


Regulation of gonadotropin secretion in 
the human involves a complex interplay 
between feed-forward stimulation by GnRH 
from the hypothalamus, feedback control by 
sex steroids and inhibin from the testes, and, 
probably, autocrine/paracrine modulation by 


other factors within the pituitary. 
Feed-forward regulation 


GnRH stimulates in vitro the synthesis of 
gonadotropin subunits and increases a, LH-B 
and FSH-B subunit mRNA levels as well as 
the transcriptional activity of corresponding 
gene promoters. Individual gonadotropin 
genes respond differentially to the frequency 
of GnRH pulses: low frequencies (one 
stimulus every two or four hours) appear to 
preferentially increase FSH-B mRNA levels 
whereas higher frequencies preferentially 
stimulate LH-B mRNA, but permanent 
exposure to GnRH leads to a more or less 
rapid depletion of both FSH-B and LH-B 
mRNA in a manner that suggests a rapid 


transcription arrest followed by RNA 
degradation. It seems that specific 
mechanisms differentially regulate the 


expression of three genes within a single cell. 
These may involve not only GnRH receptor 
signaling but also an indirect modulation by 
steroids or members of the transforming 
growth factor ß superfamily, activin and 
inhibin. Indeed, these substances, as well as 
follistatin, a polypeptide that binds and 
functionally incapacitates activins, are 
produced in the anterior pituitary and seem to 
be involved in the  paracrine/autocrine 
regulation of FSH secretion. It is unclear, 
however, if their action could explain the 
existing divergence between FSH and LH 
secretion under GnRH stimuli. 


Feedback regulation 


Testicular steroids play a crucial role in 
the feed back control of gonadotropin 
secretion. It has been established that 
testosterones action at the pituitary level can 
be direct (mediated by its binding to the 
androgen receptor) as well as indirect, 
mediated by aromatization to estrogens and 
binding to pituitary estrogen receptors. 


Testosterone seems to exert a direct 
feedback control of LH secretion, while its 
action on FSH secretion is mostly indirect. 
LH secretion is controlled mostly by 
testosterone, but also by estradiol. FSH 
secretion is controlled by estradiol and 
inhibin B. Selective suppression of estradiol 
secretion with an aromatase inhibitor results in 
a significant increase in both gonadotropins, 
with the increase in LH approximating that in 
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FSH. On the other hand, suppression of both 
testosterone and estradiol to castrate levels 
using ketoconazole causes an increase in LH 
three times greater than FSH. Men with 
estradiol receptor mutations and congenital 
aromatase deficiency have a two to threefold 
increase in FSH despite elevated testosterone 
levels, similar to increases observed in studies 
employing aromatase inhibitors. 


Finally administration of non- 
aromatizable androgens, such as DHT or 
fluoxymesterone, has been shown to have no 
impact on FSH secretion. Aromatization of 
testosterone to estradiol is required for 


normal functioning of gonadotropin 
feedback. 
Estradiol inhibits LH secretion by 


decreasing LH pulse amplitude and LH 
responsiveness to GnRH, consistent with a 
pituitary site of action. Administration of anti- 
estrogens to normal men results in an increase 
in LH pulse frequency. 


Estrogen does not fully account for the 
negative feedback regulation of FSH 
secretion. The existence of a testicular, non- 
steroidal, endocrine factor controlling FSH 
secretion was first postulated in 1932, when 
the inhibin family was discovered and 
characterized. At least two forms of inhibin, 
inhibin A and inhibin B, exist. The principal 
form of circulating inhibin in men is inhibin 
B, and the inverse relationship between 
circulating inhibin B and FSH suggests that 
this is the physiologically relevant form 
involved in the testicular regulation of FSH 
secretion. 


Chemotherapy-induced testicular damage 
produces a decrease in inhibin B level with a 
consequent rapid increase in FSH level. 


Pattern of gonadotropin secretion 


GnRH release from the hypothalamus into 
the portal circulation is episodic rather than 
continuous, which in turn causes LH to be 
released in a series of secretory bursts, 
resulting in intermittently elevated LH 
concentrations in the blood. The amplitude of 
such serum LH concentration peaks in healthy 
men ranges from 35% to 270% (increase from 
nadir to peak). Although LH pulses do not 
exhibit strictly regular periodicity, they 
typically occur in an ultradian fashion, with a 
mean frequency in men of approximately one 


event per hour or one every 90-120 minutes. 


Pulsatile LH concentrations bathing 
Leydig cells in the testes in turn stimulate 
testosterone secretion in a dose-dependent 
manner. Some evidence suggests that LH and 
testosterone levels show circadian variations, 
with maximal hormone concentrations 
occurring during the later portion of nighttime 
sleep. In young men, serum LH and 
testosterone concentrations are Cross- 
correlated, reflecting LH’s dose-dependent 
feed-forward action on Leydig cell 
testosterone biosynthesis as well as 
testosterone’s negative feedback on GnRH-LH 
secretion. Reduction or removal of 
testosterone’s negative-feedback signal via an 
androgen-receptor antagonist or an inhibitor of 
Leydig cell steroidogenesis increases the 
frequency and amplitude of pulsatile LH 
release. FSH is secreted in two modes: tonic 
(basal secretion) and episodic. Unlike LH, 
which is secreted primarily in pulses, the 
predominant mode of FSH secretion is basal. 


Testicular factors 


Testosterone participate in the feedback 
regulation of the HPG axis through the 
synthesis and secretion of steroids and 
peptides, chiefly testosterone and inhibin B. 
Recently other factors have bee evaluated and 
their contribution to the feedback regulation of 
the HPG axis has been postulated. 


Testosterone 


Testosterone is synthesized from 
cholesterol through a series of enzymatic 
transformations that occur in the Leydig cell 
mitochondria and microsomes through the 
activation of cholesterol ester hydrolase by 
LH. The rate-limiting step in steroidogenesis 
is the transfer of cholesterol to the inner 
mitochondrial membrane for bioconversion to 
pregnenolone by the cytochrome P450 side- 
chain cleavage enzyme. LH feed-forward 
activity is crucial for spermatogenesis, as the 
gonadotropin stimulates the labile regulatory 
protein StAR, which in turn activates 
cytochrome P450. Moreover, LH increases the 
association between cholesterol and 
cytochrome P450. Pregnenolone is converted 
to testosterone through the A4 pathway 
(pregnenolone — progesterone — 17a- 
hydroxy-progesterone — androstenedione) or 
through the A5 pathway (pregnenolone —> 
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17a-hydroxy-pregnenolone — 
epiandrosterone —> 5-androstenediol), 
being the predominant pathway in men. 


dehydro- 
AS 


Testosterone is the main secretory product 
of the testis, the daily production rate being 5- 
7mg in men. As the testicular content of 
testosterone in adult men is approximately 50 
mg/testis, it is assumed that testosterone is 
continuously produced and released into the 
circulation. Testosterone is transported in 
plasma bound to albumin or to sex hormone- 
binding globulin, and approximately only 2% 
of total testosterone circulates freely in blood. 


Testosterone plasma levels are strictly 
correlated to LH levels. Individual LH pulses 
in peripheral blood were found to precede 
testosterone pulses in the spermatic vein by 80 
minutes, with a consequent strongly positive 
correlation among their levels in the spermatic 
vein. This correlation suggests the existence of 
a feed-forward relationship between LH and 
testosterone, which in turn reflects pituitary 
LH drive of testosterone secretion by gonadal 
Leydig cells. On the other hand, the increase 
in testosterone level leads to a quite prompt 
(60-minute delay) decrease in LH level, due to 
the feedback interplay within the GnRH-LH- 
testosterone axis. 


Inhibin B 


Inhibin is a glycoprotein hormone 
secreted by the Sertoli cells composed of an & 
subunit disulfide-linked to one of two B 
subunits, the BA subunit to form inhibin A or 
the BB subunit to form inhibin B. Its testicular 
origin was demonstrated when its levels were 
found to be undetectable in agonadal men and 
to be significantly lower than normal in men 
with other testicular disorders. Germ cells 
could directly contribute to inhibin B 
production. As a matter of fact it was 
observed that inhibin B concentrations fall to 
undetectable levels following loss of all germ 
cells in men after chemotherapy or 
radiotherapy. Moreover, a direct positive 
correlation between inhibin B and sperm 
concentration in normal men is noted, and 
studies in which serum inhibin B levels were 
related to the histologic pattern of testicular 
biopsies have confirmed that inhibin B levels 
are reduced in men with severe 
spermatogenetic defects. 


Secretion of inhibin B is controlled by 
many factors including gonadotropins and 


intrinsic factors involving Sertoli, Leydig, and 
germ cells. It is recognized that there is a 
reciprocal relationship between plasma FSH 
and inhibin B levels. 


That FSH stimuli are required for inhibin 
B secretion has been confirmed by studies 
evaluating men with acquired hypo- 
gonadotropic hypogonadism, whose inhibin B 
levels were markedly below those of normal 
men but were promptly restored by 
recombinant FSH administration. 


Insulin-like growth factor (IGF-1) 


The testis is a site of IGF-1 biosynthesis and 
action. LH and hCG stimulate IGF-1 secretion 
IGF-1 is required for establishment of 
normal numbers of adult Leydig cells and 
steroidogenic function. LH is unable to 
produce a sufficient signal for adequate 
testosterone production in the absence of IGF- 
1. IGF-1 and LH act in concert to facilitate 
Leydig cell proliferation and differentiation. 


Transforming growth factor B (TGF-B) 


TGF-B family peptides have been shown 
to be present in the testis. The positive 
regulatory action of LH/hCG on TGF-B 
receptor expression in Leydig cells has been 
demonstrated. Other evidence suggests that 
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TGF-B antagonizes LH/hCG steroidogenic 
action in Leydig cells. LH may use the TGF- 


Bsystem to end or reduce its own 
steroidogenic action. Such interactions 
between the growth factors and_ the 


gonadotropin may occur to modulate the 
intratesticular levels of testosterone required 
for correct spermatogenesis. 


Other factors 


It has been hypothesized that 
corticotrophin-releasing hormone (CRH) may 
have direct inhibitory effects on 
steroidogenesis. 


Interleukin 1a  (IL-la) has been 
demonstrated to exert both inhibitory and 
stimulatory effects on steroidogenesis by 
Leydig cells. The proposed sources of 
constitutive production of IL-1 in the testis 
are the Sertoli cells. 


Growth hormone (GH) plays a role in 
gonadal steroidogenesis and gametogenesis, 
exerting endocrine action either directly at 
gonadal sites or indirectly via IGF-1. In male 
subjects, congenital GH deficiency may result 
in a delay in the onset of puberty, and it has 
also been associated with decreased sperm 
counts and motility and reduced testicular size. 


Section 7: Basic aspects of male reproduction 


Chapter 36: Leydig cell development and function 


Development of the adult 


population of Leydig cells 
Fetal Leydig cells 


Leydig cells are the primary source of 
testosterone in the male. There are two 
separate Leydig cell generations that develop 
successively in the testis between 
embryogenesis and puberty. In rats, the first 
generation, the fetal Leydig cells, differentiate 
from stromal cells between the nascent testis 
cords during gestation. Once formed, fetal 
Leydig cells are terminally differentiated and 
fully competent to produce testosterone. The 
majority of fetal Leydig cells dedifferentiate 
or undergo apoptosis after birth, and therefore 
are unlikely to contribute significantly to 
postnatal steroidogenesis. 


The morphogenetic events of early testis 
differentiation are controlled by the Sry (sex- 
determining region on the Y chromosome) 
gene. 


The origin of the fetal Leydig cells is a 
subject of ongoing debate. The most widely 
held view has been that mesenchymal cells of 
the mesonephros, originally derived from 
embryonic mesoderm, migrate into the testis 
and furnish a source of fetal Leydig stem cells. 


Fetal Leydig cell function appears to be 
independent of luteinizing hormone (LH). 
Steroidogenic factor 1 (SF-1), a nuclear 
transcription factor that is produced under the 
direction of SRY, is reported to direct fetal 
Leydig stem cells towards the steroidogenic 
lineage by inducing the expression of the 
cytochrome P450 steroidogenic enzymes. 


Fetal Leydig cells maintain high rates of 
steroidogenic activity, secreting primarily 
testosterone, during the last week of gestation 
leading up through birth. The testosterone that 
is secreted is critical for male secondary 
sexual differentiation, including the 
development of the penis and sex accessory 
glands. 
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Adult Leydig cell ontogeny 


As illustrated in Figure 36.1, three 
separate transitions of cells have been shown 
to be involved in the development and 
differentiation of adult Leydig cells. These 
transitions have been described most fully for 
the rat, but similar transitions are thought to 
occur in humans. The first recognized cell 
type in the Leydig cell lineage in the rat, 
referred to as progenitor Leydig cells (PLCs), 
is first seen in the testis between postnatal 
days 10 and 14. The PLCs are small, spindle- 
shaped cells that are similar in appearance to 
the undifferentiated fibroblastic cells. The 
PLCs contain negligible amounts of smooth 
endoplasmic reticulum, the organelle that 
houses several steroidogenic enzymes, 
secreting mainly androsterone (AO). PLCs 
gradually enlarge and become round, and their 
proliferative capacity is reduced. 


The second transition results in another 
intermediate, the immature Leydig cells 
(ILCs). ILCs are seen most commonly in the 
testis during days 28-56 postpartum. These 
cells have more smooth endoplasmic 
reticulum (SER) than PLCs and are able to 
produce high levels of 5a-reduced androgens, 
primarily 30, 5a-androstenediol. ILCs 
undergo a final division before the third 
transition, the development of the adult Leydig 
cell (ALC) by day 56. ALCs are relatively 
large cells with an abundance of SER, few 
lipid droplets, and high levels of steroidogenic 
enzyme activities. Testosterone is the 
predominant androgen secreted by these cells. 
ALCs comprise the predominant population of 
Leydig cells in the sexually mature testis. 
After puberty, there is little or no further 
proliferation (or death) of the ALCs; renewal 


occurs very slowly under physiological 
conditions. 

Differences in steroidogenic and 
metabolizing enzymes lead to different 


androgen end products in PLCs, ILCs, and 
ALCs. 


Stem Cell Progenitor Leydig Cell 
e Unidentified e Highly proliferative 
e Founder of the Leydig e° Expresses 


cell lineage steroidogenic enzymes 


Immature Leydig Cell 


e Divides once 


e Numerous lipid 
droplets 


Nucleolus 


Adult Leydig Cell 
e Does not divide 


e Secretes testosterone 


e Secretes mainly 
S5a-—reduced androgen 


Fig. 36.1: Rat Leydig cells at successive stages of their development. RER, rough endoplasm 


reticulum; SER, smooth endoplasmic reticulum. 


In the adult, LH binding to its Leydig cell 
receptor triggers the cAMP signaling pathway 
and a cascade of intercellular events, including 
increased gene transcription, steroidogenic 
enzyme activity, and testosterone production. 
Lack of LH stimulation results in reduced 
steroidogenic enzyme activities and in Leydig 
cell atrophy. 


Stem Leydig cells 


The first identified cell type in the 
sequence leading to adult Leydig cells, the 
PLCs, are LH receptor positive/3B-HSD- 
positive cells that divide a limited number of 
times in vivo and then give rise to immature 
Leydig cells (ILCs) and ultimately to ALCs. 
Until recently, a fundamental unanswered 
question was whether the ultimate source of 
the PLCs and thus of ALCs might be a pool of 
undifferentiated, self-renewing stem Leydig 
cells (SLCs) (Fig. 36.1). 


SLCs would be expected to be present in 
the testis in small numbers that are maintained 
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by renewal cell divisions during postnatal life 
through adulthood; one or both of the progeny 
of an SLC division would be expected to 
undergo commitment to the Leydig cell 
lineage; and the numbers of committed SLCs 
would be expected to increase through 
amplification cell divisions, creating a pool of 
cells that undergo differentiation into 
androgen secreting progenitor Leydig cells 
(PLCs). 


There have been attempts to identify stem 
Leydig cells (SLCs) but these are still 
presumptive. 


Aging of stem Leydig cells 


There is growing evidence that stem and 
progenitor cells age, and that this contributes 
at least in part to age-related alteration in 
tissue maintenance and repair. Although there 
is little turnover of adult Leydig cells, there 
may be stem cells that reside in the testicular 
interstitium that are capable of giving rise to 
adult, well-functioning Leydig cells. 


Adult Leydig cell steroidogenic 
function 


Adult Leydig cell testosterone production 
depends upon LH secreted impulses into the 
peripheral circulation by the pituitary gland. 
Acting through a cAMP-dependent pathway, 
LH has both rapid (acute) and long-term 
(trophic) effects on Leydig cell testosterone 
production. In its acute actions, LH binds to 
specific high-affinity receptors on the Leydig 
cell plasma membrane, initiating a cascade of 
events that include coupling of the LH 
receptor (LHR) with G proteins, activation of 
adenylate cyclase, increased intracellular 
cAMP formation, cAMP-dependent 
phosphorylation of proteins, and translocation 
of cholesterol to the inner mitochondrial 
membrane. The conversion of cholesterol to 
pregnenolone is catalyzed by CYPII1AI, 
located on the inner mitochondrial membrane. 
Following its production in the mitochondria, 
pregnenolone moves out of the mitochondria 
to the smooth endoplasmic reticulum, where it 
binds to the 3B-HSD enzyme and is converted 
to progesterone. Progesterone is then acted 
upon by CYPI7 to produce 17a-hydroxy- 
progesterone and then androstenedione. 
Finally, androstenedione is converted to 
testosterone by 17B-ketosteroid reductase. 


Numerous studies have shown that the 
expressions of the mRNAs for the 
steroidogenic enzymes are regulated by LH 
via cAMP. 


The rate-determining step in the 
cholesterol transport pathway is the transport 
of cholesterol from intracellular sources into 
the mitochondria. 
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A number of molecules have been 
proposed to mediate cholesterol transfer into 
mitochondria. During the last 15 years, two 
cholesterol transport molecules in particular, 
TSPO (translocator protein) and StAR 
(steroidogenic acute regulatory protein) have 
emerged as playing critical role. The studies of 
TSPO and StAR suggest that the two are 
indispensable elements of the steroidogenic 
machinery. 


StAR is recruited to the outside of the 
mitochondria to induce cholesterol transfer 
and TSPO interacts with or mediates the 
action of StAR to transfer cholesterol to the 
inner mitochondrial membrane. 


Leydig cell aging 


As men age, progressive decreases in 
serum concentrations of testosterone occur. 
Circulating LH concentrations do not decline 
as men age, suggesting that reduced 
testosterone results from a primary gonadal 
deficit rather than from changes at the 
hypothalamic-pituitary level. Rather, the 
responsiveness of aged Leydig cells to LH is 
reduced relative to young cells. 


The reduced ability of old cells to 
transduce the signal between LH and cAMP 
production may play a major role in the 
reduced steroidogenesis by aged Leydig cells. 


Free radicals and redox environment of 
aging Leydig cells 


There is evidence that alterations in the 
Leydig cell reactive oxygen environment, 
leading to increased oxidative stress, might be 
involved in Leydig cell age-related functional 
changes. 


Section 7: Basic aspects of male reproduction 


Chapter 37: The Sertoli cell: Morphology, function 


and regulation 


Cell structure 


The Sertoli cells form an epithelial layer 
on a monolayer basement membrane. They 
have a characteristic tripartite nucleolus. They 
are nondividing, columnar cells with 
interdigitations projecting into the lumen of 
the seminiferous tubule; these interdigitations 
provide for spaces within which spermatid 
elongation occurs. 


Basement membrane 


The basement membrane upon which 
Sertoli cells rest is an acellular matrix 
consisting primarily of laminin and type IV 
collagen. This layer is produced in part by 
Sertoli cells and in part by peritubular myoid 
cells, although the major portion of laminin 
and collagen deposition is due to Sertoli cell 
action. 


Ultrastructural features 


Sertoli cells are responsible for both the 
maintenance of the blood-testis barrier and 
the development of germ cells; it is not 
surprising that they secrete a vast number of 
proteins. As is consistent with a highly 
transcriptionally active cell, the Sertoli cell has 
an extensive Golgi apparatus extending from 
the basal aspect of the cell all the way to the 
cell’s apex. Somewhat paradoxically, Sertoli 
cells demonstrate little rough endoplasmic 
reticulum. This is not completely consistent 
with constant and active protein secretion. 
Smooth endoplasmic reticulum, with 
associated lipid inclusions, is seen in 
significant amounts, correlating with active 
steroid synthesis. 


Cytoskeletal architecture 


The cytoskeletal architecture of the 
Sertoli cell, as in many other cells, consists of 
actin filaments, intermediate filaments, and 
microtubules. Different from other cells, 
however, this cytoskeletal architecture is 
tasked with constant change as 
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spermatogenesis proceeds. Actin filaments, as 
structural components of — ectoplasmic 
specializations, move spermatogonia. Tight 
junctions, also attached to actin filaments, 
disassemble and reform around migrating 
germ cells. Thus the cytoskeletal architecture 
of the Sertoli cell is as crucially important to 
its function as any other aspect of the cell. 


Actin filaments 


Actin filaments are composed of actin 
monomers that polymerize within cells to 
filamentous structures. 


Specifically within Sertoli cells, actin 
filaments are predominantly found as 
components of tubulobulbar complexes and 
ectoplasmic specializations. Both structures 
are unique to Sertoli cells and crucially 
important to spermatogenesis. 


Tubulobulbar complexes 


Tubulobulbar complexes are identified in 
two places within the Sertoli cell: first, 
attached to spermatids at the apical surface of 
the seminiferous epithelium, and second, 
along the basolateral membrane between 
adjoining Sertoli cells. The complexes are 
elongated in shape with a bulbous flared tip, 
and they are composed of approximated 
plasma membrane from both adjoining cells 
(Sertoli cell/spermatid and Sertoli cell/Sertoli 
cell). Encircling the plasma membrane 
interface, a tubule of actin filaments extends 
the length of the structure. Finally, rough 
endoplasmic reticulum and vesicles are 
located in close proximity to the flared tip of 
the structure. 


The function of tubulobulbar complexes 
within the Sertoli cell is not completely 
understood. With regard to spermatids, it is 
thought that the tubulobulbar complex may 
play a role in modeling the spermatid head by 
removing and processing spermatid 
cytoplasm. They are known to be the last 
structure to disengage from mature spermatids 


before their spermiation- the release of the 
spermatid into the lumen of the seminiferous 
tubule. 


Tubulobulbar complexes between 
adjacent Sertoli cells may play a different role; 
they are identified consistently in association 
with both ectoplasmic specializations and tight 
junction/adherens junction complexes. It is 
hypothesized that they are involved in junction 
disassembly and turnover. 


Ectoplasmic specializations 


Similar to tubulobulbar complexes, 
ectoplasmic specializations are also located 
along the apical seminiferous epithelium in 
association with spermatids. In addition, they, 
too, are found along the basolateral membrane 
between adjoining Sertoli cells and the 
basement membrane. 


Ectoplasmic specializations are unique to 
Sertoli cells. Functionally, they are thought to 
be predominantly responsible for adherence 
of Sertoli cells to each other and to maturing 
spermatocytes and spermatids. They comprise 
three layers: plasma membrane most 
superficially, an intermediate layer of actin 
filaments, and a deep layer of endoplasmic 
reticulum. 


Intermediate filaments 


Intermediate filaments are filamentous 
polymers that occur in almost all cell types. 
They are thought to perform a scaffolding 
function within the cell, protecting the cell 
from mechanical forces. They are classified 
into four types (I-IV). 


Within Sertoli cells, the predominant type 
of intermediate filament identified is vimentin 
(type IIT). In addition, keratins (type I and ID 
and nestin (type IV) are present in smaller 
amounts. Intermediate filaments radiate 
outward from the area surrounding the nucleus 
towards the periphery of the cell. Specifically, 
they are associated peripherally with Sertoli 
cell surface complexes including desmosome- 
like junctions. hemidesmosome-like junctions 
and ectoplasmic specializations. 


Microtubules 


Microtubules are long tubular polymers 
composed of dimerized and B tubulin. They 
are predominantly responsible for 
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directionalized transport within cells; a 
second function of microtubules in the Sertoli 
cell is to provide assistance in maintaining the 
architecture of the Sertoli cell. 


Amongst other functions within the 
Sertoli cell, microtubules also appear to be 
involved in the entrenchment and then 
release of elongating spermatids. 


The blood-testis barrier 


The interaction of adjoining Sertoli cells 
with each other and with the basement 
membrane is crucially important to the 
function of the Sertoli cell: tight junctions and 
adherens junctions between Sertoli cells 
allow for the creation of an immunologically 
privileged space within the seminiferous 
tubule. This barrier, created by Sertoli cells 
and the basement membrane, is known as the 
blood-testis barrier. 


Interestingly, the blood-testis barrier 
represents the only barrier of immunologic 
privilege in the human that is composed of 
both tight junctions and adhesion junctions in 
contiguous locations and functioning 
together. This is in contradistinction to the 
blood-brain barrier and the blood-retina 
barrier, where tight junctions and adhesion 
junctions are separate and have unique 
functions. Moreover, the blood-testis barrier 
is uniquely tasked to perform several unique 
and complex functions of its own: namely, 
anchoring of Sertoli cells to each other, 
coordinated disassembly to allow the 
migration of developing spermatogenic cells 
into the tubule lumen, and coordinated reas- 
sembly in order to maintain the blood-testis 
barrier throughout this process (Fig. 37.1). 


Extensive research into both the 
regulation of the blood-testis barrier and the 
structure and function of tight junctions and 
adhesion junctions has been undertaken. TGF- 
B signaling has been implicated in regulation 
of the blood-testis barrier. 


Structural analysis of Sertoli cell tight 
junctions and adherens junctions demonstrates 
many of the components that make up these 
junctions. These include membrane proteins 
such as occludins, claudins, zonula occludens 
(ZO), and junctional adhesion molecules 
(JAMs). 


elongate 
spermatid 


round 
spermatid 


apical 
ectoplasmic 
specialization 


spermatocyte 


basal 
ectoplasmic 
specialization 


Sertoli cell 
nucleus 


B 
tight junctions 
(junctional adhering molecule, 
Zonula occludens, cłaudin, 

nectin, testin) 


A 
Adherens junctions 
desmosome-like junctions 
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> ai 


leptotene 
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NS 


spermatogonia 
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desmosome-like junctions 


Fig. 37.1: Schematic representation of the blood-testis barrier. Tight-junction components are listed in 
the key. Locations of adherens junctions, hemidesmosomes. and tight junctions are as noted in the key. 


Spermiogenesis and spermiation 


Spermiogenesis is the process by which 
the haploid round spermatid is remodeled into 
a functionally mature elongate spermatid; 
spermiation is the detachment of the mature 
elongated spermatid from the Sertoli cell in a 
coordinated fashion. As discussed above, all 
of the cytoskeletal architecture of the Sertoli 
cell contributes to this effort: ectoplasmic 
specializations attach the round spermatid to 
the Sertoli cell membrane, and microtubular 
movement drags the spermatid towards the 
basolateral membrane of the Sertoli cell, 
deepening the membrane crypt where the 
spermatid rests and elongating the cell. The 
now elongated spermatid is returned to the 
apical membrane via microtubular movement 
again. Finally, tubulobulbar complexes form, 
the ectoplasmic specializations dissolve, and 
the elongate spermatid is released into the 


lumen of the seminiferous tubule. The 
remaining ectoplasmic specialization is 
phagocytosed. 
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Sertoli cell differentiation 


Sertoli cells in adult mammals exist as a 
terminally differentiated, post-mitotic 
population. Sertoli cell number becomes 
fixed during puberty in all mammals. After 
this point, spermatogenesis is maximally 
limited by the fixed number of Sertoli cells 
that exist in a testis. Prepubertal regulation of 
Sertoli cell number and division is therefore 
vitally important to future fertility. 


Peritubular myoid cell secreted mesenchymal 
factor (PModS) 


Peritubular myoid cells might play a 
central role in regulation of Sertoli cell 
differentiation, PModS was thought to act 
through c-Fos, a nuclear transcription factor 
within the Sertoli cell, to cause up-regulation 
of Sertoli-cell-specific factors that enabled 
germ cell differentiation; these factors 
included transferrin and androgen binding 
protein. 


Id proteins as regulators of Sertoli cell 
proliferation 


Prepubertal populations of Sertoli cells 
divide in the testis under the influence of Id 
proteins, thereby populating the seminiferous 
tubules with adequate Sertoli cells for 
spermatogenesis later in life. 


Sertoli cell protein secretion 


Sertoli cells act as nurse cells for the 
developing spermatogenic cells. To do this 
function, Sertoli cells secrete proteins that are 
involved in active delivery of nutrients to 
germ cells. 


Androgen-binding protein (ABP) 


A testicular analog to serum sex hormone- 
binding globulin. ABP binds both testosterone 
and dihydrotestosterone with high affinity. 
Secretion of ABP by the Sertoli cell is 
stimulated by both FSH and testosterone 
independently. Germ cells have been 
demonstrated to internalize ABP complexed to 
testosterone via endocytosis. It has been 
theorized that ABP represents a crucial 
“reservoir” of circulating testosterone in the 
testis that might be utilized by differentiating 
germ cells. 


Transferrin 


Iron is vitally important to cell division, 
and therefore it is needed by germ cells and 
spermatocytes. Transferrin mediates iron 
transport. There is synthesis of transferrin in 
the Sertoli cell. Free iron is bound by 
transferrin, on the germ cell surface, and then 
the complex is internalized by the germ cell, 
again via receptor-mediated endocytosis. 


Seminal transferrin levels correlate with 
basic semen parameters including sperm 
density; this finding is consistent with the 
central importance of iron metabolism to 
successful spermatogenesis. 


SPARC (secreted protein, acidic and rich in 
cysteine) 


A divalent ion transporter that is 
presumably involved in calcium transport, 
SPARC is known to regulate other signaling 
molecules, including TGF-B, that are 
responsible for differentiation of the Sertoli 
cell. SPARC is known to regulate the 
expression of molecules such as matrix 


[308] 


metallo-proteases (MMPs) that are involved in 
cell adhesion. SPARC is expressed in germ 
cells. 


Matrix metallo-proteases (MMP) 


MMP secretion is vitally important to the 
fluidity of the BTB and its role in 
spermatogenesis. Metallo-proteases, degrade 
the collagen network and thereby disrupt tight 
junction function and the blood-testis barrier. 


MMP secretion is directly affected by 
both TNF-a and TGF-B which regulate 
assembly and disassembly of the BTB 
depending on the presence of conditions 
suitable for spermatogenesis. 


Cellular retinol-binding protein (CRBP) 
and cellular retinoic acid-binding protein 
(CRABP) 


Retinol (vitamin A) is centrally important 
to spermatogenesis; it helps to maintain the 
blood-testis barrier, enhances the effects of 
testosterone on the Sertoli cell, and helps 
enable both adhesion of spermatogonia and 
proper spermiation. This effect is dependent 
upon retinoic acid (RA). 


The major portion of retinoic acid used for 
this process is synthesized in the testis from 
circulating retinol bound to retinol-binding 
protein (RBP). Within the Sertoli cell, retinol 
is bound to one or two proteins (CRBP-1 and 
CRBP-2), while retinoic acid is bound to 


CRABP-2. CRABP-1 is expressed 
predominantly in spermatogonia. 

Sertoli cell regulation of testis 
development 


In the mouse embryo, expression of Sry, 
the Y-chromosomal testis determining factor, 
causes differentiation of Sertoli cells as early 
as 10.5 days post-coitum. This single event 
represents the earliest recognizable step in 
male differentiation; subsequent to this, Sertoli 
cells act to organize the primordial gonad into 
testis cords with segregated germ cells that 
will eventually differentiate into seminiferous 
tubules. Between the cords, peritubular myoid 
cells and Leydig cell precursors begin to fill 
what will become the interstitium of the testis. 
By 12.5 days, the primordial gonad is 
organized into what is recognizably an early 
precursor to the testis. 


Section 7: Basic aspects of male reproduction 


Chapter 38: Spermatogenesis 


Introduction 


Spermatogenesis refers to the production 
and development of spermatozoa, the mature 
male gametes. Spermatogenesis begins with 
diploid stem cells that resemble other somatic 
cells; it ends with highly specialized motile 
haploid cells that are remarkably unique in 
appearance and function. While somewhat 
lengthy, taking about 64 days in humans, 
spermatogenesis is a _ highly efficient 
procedure leading to the production of an 
estimated 70 million spermatozoa daily. This 
coordinated development proceeds through 
sequential stages. The stages of 
spermatogenesis are summarized in table 38.1 
and figures 38.1, 2, 3. 


Structure of the mature spermatozoon 


Electron microscopy has given us detailed 
images of the mature spermatozoon; simply, it 
is divided into a head and flagellum with a 
small connecting neck in between. 


The head is further subdivided into the 
acrosomal and post-acrosomal regions. The 
acrosomal cap forms the more rostral part of 
the acrosome, and it is followed by the 
equatorial segment (or posterior acrosome). 
The largest part of the sperm head volume is 
occupied by an ovoid nucleus, which is 
surrounded by a perinuclear theca. The 
nucleus lies deep to the posterior acrosome 
and extends into the post-acrosomal region 
all the way to the basal plate, this forms the 
boundary with the neck region. 


The connecting piece (neck) consists of a 
truncated cone, with its base lodged in a 
small fossa of the nuclear envelope and its tip 
connecting to the flagellum. It contains the 
proximal centriole, arranged perpendicularly 
to the axis of the spermatozoon. At its tip, the 
distal or longitudinal centriole is modified to 
give rise to the axoneme of the flagellum. 


The flagellum itself consists of a central 
axoneme surrounded by _ peri-axonemal 
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structures. The axoneme consists of two 
central microtubules surrounded by a circle of 
nine microtubule doublets (9 + 2 
configuration). Two dynein arms extend from 
each microtubule pair and are responsible for 
flagellar motion Mutations in the left-to-right 
dynein gene (Lrd) cause immotile cilia 
syndrome with associated infertility in males. 
The flagellum can be subdivided into “pieces” 
based on the type of peri-axonemal structure 
present. The most rostral part is the midpiece, 
where the axoneme is surrounded by nine 
outer dense fibers (ODF) and a mitochondrial 
sheath. This is followed by the principal piece, 
where the number of outer dense fibers drops 
to seven, and the mitochondria are replaced by 
a fibrous sheath. The fibrous sheath consists of 
semicircular transverse ribs extending from 
two anchoring columns associated with 
axonemal doublets 3 and 8. This arrangement 
of the sheath poses a limit on the plane of 
motion of the flagellum, presumably 
enhancing sperm motility. The flagellum 
terminates in the end-piece, which consists of 
remnants of the axoneme. 


Histology of seminiferous tubules 


The adult human testis measures 15- 
25cm? in volume. It is surrounded by a 
fibrous capsule, the tunica albuginea. It is 
divided into 200-300 lobules by septations 


that extend from the tunica albuginea 
towards the testicular mediastinum (or 
hilum). Each of these lobules contains 
several seminiferous tubules, where 


spermatogenesis occurs. Each seminiferous 
tubule arises and ends at the rete testis, an 
anastomosing network of tubules that 
empties into the efferent ductules. 
Seminiferous tubules are highly convoluted, 
averaging 70-80cm in length. This 
arrangement results in a large surface of 
germinal epithelium that occupies a small 
compact space, thereby allowing the 
production of a large number of spermatozoa 
daily. 


Table 38.1: Cell types and steps of spermatogenesis. 


Starting cell type Ploidy Process Ending cell type 

A spermatogonium Diploid (2n) Spermatocytogenesis A spermatogonium 
(renewal) B spermatogonium 

B spermatogonium Diploid (2n) Spermatocytogenesis Primary Spermatocyte 
(differentiation) 

Primary Spermatocyte Diploid (4n) Meiosis I Secondary spermatocyte 

Secondary Haploid (2n) Meiosis II Spermatid 

spermatocytes 

Spermatid Haploid (1n) Spermiogenesis Spermatozoa 

Spermatozoon Haploid (1n) Spermiation Free spermatozoa 

Each seminiferous tubule consists of a rodents, stages that follow each other 


basement membrane lined by Sertoli cells 
interspersed with germ cells at various stages 
of maturation. Maturation of the germ cells 
occurs in a centripetal fashion, with immature 
cells starting out at the periphery in apposition 
to the basement membrane, and migrating 
towards the lumen as they go through the 
various stages of spermatogenesis. Using light 
microscopy, Heller and Clermont initially 
identified 73 types of germ cells in humans. 
In ascending order of maturity these are; dark 
type A spermatogonia (Ad); pale type A sper- 
matogonia (Ap); type B spermatogonia (B); 
preleptotene primary spermatocytes (R); 
leptotene primary spermatocytes (L); zygotene 
primary spermatocytes (z); pachytene primary 
spermatocytes (p);  diplotene primary 
spermatocytes (d); secondary spermatocytes 
(I); and Sa, Sbl1, Sb2, Sc, Sdl, and Sd2 
spermatids. 


Sper matogenic cycles and waves 


Histological analysis of seminiferous 
tubules shows that neighboring, germ cells 
differentiate in a synchronous manner Thus, 
each section of tubule exhibits a specific 
pattern of cell types and cell-cell associations, 
and this allows classification of the epithelial 
sections into distinct stages. The number of 
stages is highly variable per species; there are 
six in humans and 12-14 in rodents. Stages are 
conventionally denoted by roman numerals, 
and follow a specific progression (i.e., in 
humans stage I is followed by II, then II, and 
so on, with the sequence repeating after stage 
VI). The number of stages depends on the 
duration of the spermatogenic cycle, the 
number of generations between spermatogonia 
and mature sperm, and the frequency of 
divisions of spermatogonia. Interestingly, in 
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temporally are also spatially adjacent, and thus 
the entire sequence can be described as a 
“spermatogenic wave” along the tubules. In 
rodents, any particular stage occupies the 
entire circumference of the tubule, making 
detection of the spermatogenic wave fairly 
straightforward Humans, however, can exhibit 
more than one stage per cross section. Careful 
mapping and three-dimensional reconstruction 
of the various stages in human biopsies has 
shown that this is due to a spiral arrangement 
of the spermatogenic wave in humans, rather 
than a random patchwork of various stages. In 
humans, the entire cycle of six stages takes 
approximately 64 days. Because 
differentiating spermatogonia divide 
approximately every 16 days, there are usually 
four cohorts of maturing germ cells seen in 
any particular stage. 


Spermatogenesis 
See figures 38.1, 2, 3. 


Spermatogonia: renewal, proliferation, and 
death 


Spermatogonia are specialized diploid 
cells located on the basement membrane of the 
seminiferous tubule; these cells are the 
ancestors of all the other germ cell types. 
Because spermatogonia are the only germ 
cells that undergo meiosis, the final product of 
spermatogenesis is ultimately dependent on 
their function. To ensure a steady supply of 
mature spermatozoa throughout life, 
spermatogonia must perform three functions: 
(1) differentiation into spermatozoa, (2) self- 
renewal, and (3) control of the ratio of germ 
cells to Sertoli cells by apoptosis. 
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Fig. 38.1: (a) Schematic representation of the 
architecture of the human seminiferous 
epithelium. Note that the tubular wall is 
composed of several layers of peritubular cells 
(PT) and a basal lamina (BL). RB = Residual 
Body, LS = Late/elongating and elongated 
spermatids, ES = Early/round spermatids, P = 
Spermatocytes, Ad A-dark-type 
spermatogonia (testicular stem cells). Ap = A 
pale-type spermatogonia; B B-type sper- 
matogonia, SC = Sertoli cells, JC = junctional 
complexes constituting the blood-testis barrier 
built by interconnected Sertoli cells. 
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(b) Depicts the kinetics of the human 
seminiferous epithelium. Ap spermatogonia 
are the progenitor stem cells that enter the 
spermatogenic cycle. All descendents of this 
progenitor cell represent a single clone of 
germ cells. Ad = A-dark-type spermatogonia. 
B=B-type spermatogonia, PI preleptotene 
spermatocyte; L = leptotene spermatocyte; Z = 
zygotene spermatocyte; D = _ diplotene 
spermatocyte. It takes 44.6 cycles 
("generation" on the y-axis, denoted as Start 
and End) until a sperm (Sd) has developed 
from a progenitor cell (Sa, Sb, Sc) 2° = 2nd 
meiotic division. 
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Spermatogoniogenesis 
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Spermatozoa 


Spermiogenesis Sp 


Fig. 38.2: Schematic representation of all germ cell types that occur in the human seminiferous 
epithelium. Ap spermatogonia enter the spermatogenic process (arrow on the cell indicates direction 
of germ cell development). Ad spermatogonia are believed to constitute the testicular stem cells. Ad 
= A-dark spermatogonium, Ap = A-pale spermatogonium, B = B spermatogonium, PI = 
preleptotene spermatocytes, L = leptotene spermatocytes, EP = early pachytene spermatocytes, MP 
= mid pachytene spermatocytes, LP = late pachytene spermatocytes, II = 2nd meiotic division, RB = 
residual body, Sal - Sd2 = developmental stages of spermatid maturation 


Embryonic development of spermatogonia Stem cells and self-renewal 

Primordial germ cells of the gonadal Continuous productions of spermatozoa 
ridge associate with Sertoli cells and then throughout life requires that spermatogonia 
become gonocytes. Between birth and 6 replenish themselves. This self-renewal 
months of age, gonocytes differentiate into depends on a subgroup of spermatogonia, 
spermatogonia. Although generally known as stem cells; these stem cells can 
considered to be quiescent before puberty, an undergo either mitosis, leading to daughter 
observed increase in number of stem cells, or differentiation. 
spermatogonia occurs between ages 7 and 13 Spermatogonia can be broadly divided 
years. The increase in spermatogonial cell into type A and type B subpopulations based 
numbers, in absolute counts as well as on their heterochromatin contents with B cells 
relative to Sertoli cell numbers, accounts for having more heterochromatin than type A. It 
most of the increase in testicular size seen in has always been theorized that type A 
this period. Following the onset of puberty spermatogonia are precursors of the type B 
spermatogonia begin the parallel processes of subpopulation, and that spermatogonia stem 
proliferation and differentiation towards cells (SSCs) must be a subgroup of A 
spermatozoa. spermatogonia. 
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Fig. 38.3: Representation of the specific stages of spermatogenesis of the human testis using the 
six-stage system. A tubular cross-section contains typical germ cell associations that are denoted as 
stages of spermatogenesis. The six stages (I-VI) in the human last altogether 16 days. Since a 
spermatogonium has to pass through minimally four cell layers, the complete duration of 
spermatogenesis in men is at least 64 days. The complete duration of the human spermatogenic 
process is still not entirely clear. Ad = A-dark spermatogonium (testicular stem cells, divides rarely), 
Ap = A-pale spermatogonium (self-renewing and progenitor cell for spermatogenesis), B = B 
spermatogonium, PI = preleptotene spermatocytes, L = leptotene spermatocytes, EP = early 
pachytene spermatocytes, MP = mid pachytene spermatocytes, LP = late pachytene spermatocytes. II 
= 2nd meiotic division, RB = residual body, Sal-Sd2 = developmental stages of spermatid maturation 


Meiosis Meiosis is the process through which 
diploid germ cells give rise to haploid 
Overview of meiosis progeny. Briefly summarized, it consists of a 


single round of DNA replication followed by 
two rounds of division. The DNA replication 
step results in having two chromatid per 
chromosome. This is followed by the first 
division (meiosis I or reduction division), 
when homologous chromosomes are paired 
and held together by the synaptonemal 
complex. The DNA strands of the paired 
chromosomes (also known as bivalent) then 
undergo reciprocal recombination at crossover 
sites or chiasmata. Following that, the 
homologs line up at the equatorial plate during 
OCCHI: metaphase, and each homolog migrates to a 


Type B spermatogonia undergo mitosis 
to give rise to diploid primary 
spermatocytes. This marks the end of the 
proliferative portion of spermatogenesis, 
which has so far taken place in the nutrient- 
rich basal compartment of the tubule. The 
spermatocytes then cross the blood-testis 
barrier formed by the Sertoli tight junctions 
to the adluminal compartment. It is there, 
shielded from the immune system, that the 
differentiation phase of spermatogenesis 
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separate pole during anaphase. This results in 
secondary spermatocytes containing a 
haploid number of chromosomes, with each 
chromosome containing two chromatids. A 
second division follows (meiosis II or 
equational division), which resembles the 
equational division of mitosis in that the two 
chromatids of each chromosome segregate to 
either pole. The end result is a total of four 
spermatids, each containing a haploid number 
of chromosomes with a single chromatid each. 


Prophase I and homologous recombination 


Prophase I is the first stage of meiosis I 
and is the stage at which most of the events 
unique to meiosis (as opposed to mitosis) are 
observed. On the basis of the microscopic 
appearance of the chromosomal material, it is 
subdivided into leptonema (from Greek ‘thin 
threads”), zygonema (“paired threads”), 
pachynema (“thick threads”), diplonema 
(“double threads”), and diakinesis (“through 
motion”). 


Following DNA synthesis in interphase, 
the chromosomes start to condense during 
leptonema, and can be seen by electron 
microscopy as fine threads attached to the 
nuclear membrane. Each consists of two sister 
chromatids held together by a complex of 
cohesin proteins. This association will 
continue until the metaphase of the second 
division, due in part to the presence of 
meiosis-specific  cohesins. Pairing of 
homologous chromosomes commences in the 
zygotene stage, and is mediated by the 
formation of the synaptonemal complex. 
Pairing begins with the association of 
chromatids to specific synaptonemal complex 
proteins (SCP) that form an axial structure 
along the length of the chromosome, with 
loops of DNA extending out at a perpendicular 
angle to the protein core. 


Completion of synapsis marks the 
beginning of the pachytene stage, longest of 
all prophase stages. Pachytene spermatocytes 
are readily visible in microscopic sections, and 
are the largest germ cells in terms of size. 
During pachynema, the  synaptonemal 
complex acts as a docking site for the 
assembly of proteins responsible for the 
process of DNA recombination at crossover 
sites known as chiasmata. Recombination 
starts with double strand breaks in chromatid 
DNA mediated by Spoll, a topoisomerase. 
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Desynapsis starts in the diplotene stage, 
where the bivalents are held together only at 
sites of chiasmata. This is followed by 
diakinesis, during which the chromosomes 
condense further, and detach from the 
dissolving nuclear membrane in preparation 
for their alignment in metaphase. 


Remainder of meiosis I 


The remainder of the first meiotic division 
consists of metaphase I, anaphase I, and 
telophase I. During metaphase, the two 
chromosomes of each bivalent attach through 
their centromeres to the equatorial plane of the 
microtubule spindle. 


During anaphase, the two chromosomes of 
each pair are pulled toward opposite poles by 
shortening microtubules, leading to the final 
disappearance of recombination sites. This is 
followed by reformation of the nuclear 
membrane and disappearance of the spindle in 
telophase. Incomplete cytokinesis leads to the 
formation of secondary spermatocytes 
connected to each other by inter-cytoplasmic 
bridges. 


Meiosis II and secondary spermatocytes 


Secondary spermatocytes contain a 
haploid number of chromosomes but with a 2n 
content of DNA due to duplication of each 
chromosome into two chromatids during 
interphase. Secondary spermatocytes 
therefore undergo a single equational 
division to yield spermatids. Their size and 
location are intermediate between that of 
primary spermatocytes and spermatids, hinting 
at their transitional nature. The equational 
division, called meiosis II is mechanistically 
very similar to mitosis of somatic cells: the 
chromosomes align at the equatorial plate 
during metaphase and then the two chromatids 
segregate to each pole during anaphase. This 
process occurs fairly rapidly, evidenced by the 
sparse number of secondary spermatocytes 
identified in microscopic section. This 
correlates with the relative infrequency of 
maturation arrest at the secondary 
spermatocytes stage in men with non- 
obstructive azoospermia. 


Spermiogenesis and spermiation 


The metamorphosis of round spermatids 
into compact highly motile cells capable of 
traversing the reproductive tracts of two 


organisms and fertilizing an oocyte is a 
remarkable phenomenon. This transformation 
is traditionally divided into the processes of 
spermiogenesis and spermiation. 
Spermiogenesis refers to the acquisition by 
the germ cell of several organelles and 
accessory structures such as the acrosome 
and the flagellum. Spermiation involves 
shedding of the germ cell into the tubule 
lumen and removal of the last vestiges of the 
cytoplasm (the cytoplasmic droplet) as it 
transits to the rete testis and caput 
epididymidis. Teratozoospermia, a common 
clinical finding on semen analyses, 
presumably is due to disturbances in these 
processes. 


Acrosome formation 


It has long been recognized that the 
acrosome arises from the Golgi apparatus. 
The first visible step (in pachytene 
spermatocytes) is the fusion of pro-acrosomal 
granules originating in the Golgi to form a 
single acrosomal vesicle. In spermatids, this 
acrosomal vesicle flattens and spreads around 
the nuclear membrane. It enlarges by 
incorporating newer vesicles supplied by the 
Golgi, so that, eventually, the mature human 
acrosome covers approximately 60% of the 
nuclear membrane. The Golgi itself, 
meanwhile, migrates towards the opposite 
pole, to be later removed with the residual 
body. 


The contents of the acrosome consist 
mostly of hydrolytic enzymes including 
proteases, hydroglycolases, and esterases. 
Many, such as hyaluronidase and cathepsins, 
are found in somatic lysosomes, while some, 
like acrosin, are specific to acrosomes. 


Nuclear changes and DNA compaction 


In round spermatids, the nucleus is found 
in a central position. As spermatids elongate, it 
moves to an eccentric position and undergoes 
significant condensation, reaching a final size 
one-tenth of its starting volume. At the 
molecular level, this is paralleled by changes 
in the compaction of chromatin and 
composition of nucleoproteins. In round 
spermatids, as in somatic cells, nuclear DNA 
is arranged around nucleosomes composed of 
an octamer of histone proteins. The DNA 
strand is wrapped around the nucleosome like 
a spool, giving the classical form of “beads on 
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a string”. In contrast, mature spermatozoal 
DNA is arranged in compact toroidal loops 
(doughnut-shaped) with protamines replacing 
the histones as _ nucleoproteins. This 
transformation is responsible for the much 
higher condensation of sperm DNA and its 
superior resistance to denaturation. 


Loss of cytoplasm 


Spermatid cytoplasm is removed as a 
residual body containing remnants of the 
Golgi apparatus, the chromatoid body, 
ribosomes, some mitochondria, and lipid 
droplets. The residual body appears as a 
distinct bulge formed by caudal movement of 
cytoplasmic material in the spermatid. Most 
residual bodies are phagocytosed by the 
Sertoli cells, but some are shed into the lumen 
of the tubule. 


The residual body should not be confused 
with the cytoplasmic droplet that consists of 
leftover cytoplasm present in mature 
spermatozoa. The cytoplasmic droplet, in turn, 
is released into the lumen of the corpus 
epididymidis by the transiting spermatozoa, so 
that ejaculated spermatozoa have virtually no 


cytoplasm left, presumably in order to 
maximize their motility. 
For mation of the tail 

The early spermatid contains two 


centrioles arranged at right angles to each 
other. The distal longitudinal centriole, which 
orients parallel to the long axis of the sperm 
cell, gives rise to the axial filament of the 
flagellum, or axoneme. The axoneme consists 
of micro-tubules arranged in the classical 2 + 
9 formation of cilia (two central microtubules, 
surrounded by a circular arrangement of nine 
microtubule doublets). The axoneme forms 
early in spermiogenesis, and can be seen as a 
protrusion from elongating spermatids, 
surrounded by a rim of cytoplasm. This is then 
followed by lodging of the budding axoneme 
at the caudal pole of the nuclear membrane 
(i.e., Opposite the emerging acrosomal cap), 
leading to the formation of the neck or 
connecting piece. In the meantime, outer 
dense fibers (ODF) are assembled from small 
anlagen associated with the doublets of the 
axoneme. Thickening of the ODF continue 
throughout the remainder of spermiogenesis, 
with addition of newly synthesized protein 
material, mainly Odfl, Odf2, and Spag4 


(sperm-associated antigen 4). The fibrous 
sheath becomes visible slightly later, at the Sc 
spermatid stage. Its assembly proceeds from 
distal to proximal, taking place through most 
of the stages of spermiogenesis. 


The structure and composition of the 
fibrous sheath confirm its role in regulating 
flagellar motion, and its assembly requires 
both protein synthesis and protein degradation 
via the ubiquitin system. Improper assembly 
of the peri-axonemal components has been 
proposed as the etiology of some forms of 
male asthenospermia. Associations between 
abnormalities of axonemal structure and the 
immotile cilia syndromes, such as Kartagener 
and Young syndromes, are well described. 


Sper miation 


Spermiation refers to the release of fully 
developed spermatids into the tubule lumen 
as mature spermatozoa. When spermatids are 
first formed, they are surrounded by processes 
of the Sertoli cell without a specific 
orientation, and reside close to the lumen of 
the tubule. As they elongate, their heads orient 
basally and become deeply embedded within 
the Sertoli cells using desmosome-like cell 
junctions. Contact is lost caudally first, and 
then progressively towards the head until 
spermatids are attached by only a small area of 
the head just before spermiation. Attachment 
to the Sertoli cells at that point is maintained 
by small tubulobulbar processes of the 
spermatid cell membrane that project into the 
Sertoli cell cytoplasm. At spermiation, all 
these attachments are lost and the spermatid is 
released as a free spermatozoon. 


Spermatogenesis regulation 
Hor monal influences 


Testosterone and FSH are the two major 
regulatory hormones of spermatogenesis. Both 
are necessary for initiation and maintenance 
of spermatogenesis in humans at quantitative 
levels. Testosterone alone is capable of 
initiating qualitative spermatogenesis only, as 
evidenced by the occurrence of some 
spermatogenesis in a prepubertal boy with a 
testosterone-producing Leydig cell tumor and 
normal FSH levels. 


[316] 


Quantitative spermatogenesis requires 
high levels of testicular testosterone, which 
in humans are ~ 100-fold higher than in 
serum, due to the local production by 
Leydig cells. Thus, exogenous 
administration of testosterone in humans 
leads to azoospermia or profound 
oligospermia even with normal circulating 
testosterone levels. Testosterone acts 
presumably via stimulation of Sertoli cells, 
as germ cells lack the androgen receptor. 
Stereological studies in male hormonal 
contraception trials show that exogenous 
testosterone administration in humans causes 
severe reduction in the number of B 
spermatogonia, followed by Ap 
spermatogonia. In addition, spermiation is 
affected, with a resulting further drop in 
ejaculated sperm numbers. Meiosis and 
spermiogenesis, however, appear to proceed 
in humans despite lack of testosterone. 


Endocrine regulation of spermatogenesis 


Central control of spermatogenesis is 
mediated by the gonadotropic hormones, FSH 
and LH; these hormones are secreted by the 
anterior pituitary. This process is under the 
control of gonadotropin-releasing hormone 
(GnRH) secreted by the hypothalamus. 
Downstream, LH is bound by receptors on the 
Leydig cell and causes the production of 
testosterone. FSH is bound by receptors on the 
Sertoli cell and acts to promote maturation of 
spermatogenic cells. Efficient spermatogenesis 
depends upon the intact nature of this entire 
pathway. 


Negative feedback in the HPG axis is 
mediated by inhibin and testosterone. Inhibin, 
a hetero-dimeric protein that belongs to the 
TGF-8 family of glycoproteins, acts to 
decrease secretion of gonadotropins. Secreted 
by Sertoli cells in response to stimulation by 
FSH, inhibin feeds back directly on the 
pituitary to inhibit transcription of the gene 
encoding the B subunit of FSH. Meanwhile, 
testosterone feeds back directly upon both the 
hypothalamus and anterior pituitary to 
decrease secretion of both GnRH and LH 
together. 


Section 7: Basic aspects of male reproduction 


Chapter 39: Accessory sex organs 


Urogenital embryology 


The urogenital tract of males and 
females is identical prior to the seventh week 
of human development. Before the seventh 
week, genetic males and females have both 
Müllerian and Wolffian duct systems, but at 
the end of this indifferent phase of sexual 
differentiation, the dual duct systems form the 
primordia of the internal, accessory organs of 
reproduction. Two secretory substances of the 
testes, anti-Miillerian hormone (AMH), also 
called Miillerian-inhibiting substance (MIS), 
and testosterone, induce masculine 
extragonadal differentiation. 


If the fetus is a genetic male, the Sry gene 
on the Y chromosome encodes the testis- 
determining factor (TDF), and in the seventh 
week of gestation primitive sex cords 
penetrate the formerly indifferent gonad. 
Clearly, other gene expressions are required 
for testis development, among whose products 
are SOX-9, DAX-1, GATA-4, and DHH. The 
sex cords become the seminiferous tubules 
containing primitive germ cells and Sertoli 
cells, and the initial endocrine function of 
those Sertoli cells is the secretion of AMH, a 
70 kDa glycoprotein that causes regression of 
the Miillerian ducts. 


In the presence of a normal testis 
producing AMH, the Miillerian system 
regresses. Development of the Miillerian 
system does not require secretions from the 
fetal ovaries since the female phenotype 
occurs in the absence of the gonads. 
Miillerian regression is followed by 
transformation of the Wolffian ducts into the 
male excurrent duct system. The upper 
segment becomes the epididymis; the middle 
portion, the vas deferens; and the terminal 
area, the ejaculatory duct and seminal 
vesicles. This differentiation of the Wolffian 
duct is completed in humans by day 84 of 
gestation. 


The nephrogenic cords and the urogenital 
ridges appear by 25 days in the human 
embryo, long before the primordial germ cells 
begin their migration from the yolk sac. 
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During subsequent development of the 
kidneys a series of intermediate renal 
structures appears, which are the pronephros, 
mesonephros, and  metanephros. The 
pronephros is nonfunctioning and is replaced 
by the mesonephros by the fifth week of life. 


The mesonephros becomes a transiently 
functioning primitive kidney, but the 
permanent kidney arises later from the 


metanephros, which is also beginning to 
appear in the fifth week. The mesonephros is 
made of a kidney and a mesonephric duct. 
Over the next few weeks the mesonephros 
degenerates as the metanephros develops, but 
in the male embryo the distal regions of the 
mesonephros persist to become the excurrent 
ducts of the male reproductive tract. 


The mesonephric duct becomes the 
Wolffian duct which give the epididymis and 
vas deferens, and the residual mesonephric 
tubules form the efferent ducts. The efferent 
ducts unite with the rete testis, thus making the 
connection between the separately developing 
testis and the excurrent duct system. 
Mesonephric tubules failing to connect with 
the rete testis typically atrophy, but a few may 
persist as para-epididymides or appendices of 
the epididymis. 


Since the adult efferent ducts and 
epididymis share a common origin with the 
primitive kidney, it is not surprising that 
congenital absence of the vas deferens or 
epididymis is occasionally associated with 
concurrent, ipsilateral renal agenesis. 


Any genetic defect that inhibits 
testosterone biosynthesis can result in 
abnormal development of the epididymis, 
although very early development of the 
accessory sex organs may well be independent 
of the hypothalamic pituitary-gonadal axis. It 
seems that ftestosterone-androgen receptor 
complexes clearly mediate later fetal 
Wolffian duct virilization and 5a-dihydro- 
testosterone (DHT)-androgen receptor 
complexes mediate differentiation of the male 
external genitalia. This could explain why 
patients with 5a-reductase deficiency and the 


inability to convert testosterone to DHT have 
normally virilized internal genitalia 
(epididymis, vas deferens, prostate, seminal 
vesicle, and ejaculatory duct), but 
predominately female external genitalia. On 
the other hand, patients with a disorder of the 
androgen receptors, such as those with 
testicular feminization, fail to develop 
Wolffian structures and appear as phenotypic 
females. 


The Ejaculate 


Unlike testicular, epididymal and 
accessory gland fluids, the ejaculate does not 
exist within the body; it is only produced at 
the time of ejaculation. Analysis of ejaculate 
fractions in the order they are produced (split 
ejaculates) reveals the sequence of accessory 
gland secretions so that disturbances in the 
ejaculation pattern can he discerned with this 
procedure. In fertile men the sequence in 
which the accessory glands contribute their 
secretions to the ejaculate is fixed: the bulbo- 
urethral glands secrete an alkaline solution 
with glycoproteins that neutralizes urinary 
tract acidity and lubricates the tract before 
ejaculation; the prostate, epididymis and vasa 
deferentia contract together, discharging 
spermatozoa and prostatic secretions; finally 
the seminal vesicles contract and expel the 
pellet of spermatozoa to the urethra with their 
secretions before forceful expulsion to the 
outside (Fig. 39.1). 


Coagulation of semen occurs as a result 
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of interaction of a zinc-binding protein from 
the seminal vesicles (seminogelin I), which 
combines first with the spermatozoa and then 
with zinc from the prostate to immobilize the 
spermatozoa in a semisolid seminal clot. The 
epididymal secretion CD52 that is GPI- 
anchored to spermatozoa binds is a receptor 
for seminogelin I, retaining spermatozoa 
within the coagulum. Spermatozoa are 
released from it by a complex process that 
involves dissolution by the proteolytic action 
of another zinc-binding protein, prostate 
specific antigen, which is inhibited by zinc 
but relieved of this inhibition by seminogelin. 
During liquefaction that occurs within 20- 
30min, and thereafter, the osmolarity of semen 
rises and the GPI anchor of CD52 is cleaved, 
freeing the spermatozoa from the clot. 

Of all the accessory glands that contribute 
to the ejaculate, the seminal vesicles provide 
the bulk volume but proper functioning of all 
the organs is necessary to provide sufficient 
fluid of the optimum composition for a normal 
ejaculate. Sperm-free seminal plasma is 
assayed to assess accessory gland function. 
The major secretions of the sex organs that 
appear in seminal plasma (fructose from the 
seminal vesicles; zinc, acid phosphatase, 
citric acid, prostate-specific antigen from the 
prostate; L-carnitine, glycerophosphocholine, 
neutral a-glucosidase from the epididymis) 
are analyzed clinically to diagnose possible 
causes of infertility; the amount of secretion 
provides information about the presence, 
functioning or blockage of the glands. 
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Fig. 39.1: Morphologic scheme of the male genital tract. 


Sperm Motility 


Structure of the axoneme and flagellar 
motion 


The structural basis of sperm flagellation 
is the tail (mid-, principal- and end-piece) with 
its central axoneme and the associated nine 
outer dense fibres. The mid-piece of the tail is 
circumscribed by the mitochondria (Fig. 39.2). 


Distal to the midpiece is the principal piece 
where outer dense fibres numbers 3 and 8 
extend ribs to encircle the other dense fibres 
and the axoneme, forming the fibrous sheath. 
The axonemal complex is comprised of nine 
microtubule doublets, circularly arranged, 
interlinked by nexin and connected to the 
central sheath of the central pair of the 
microtubules by radial spokes (Fig. 39.3). 


Fig. 39.2: (a) Transverse section through the sperm principal piece reveals that the axoneme is 
composed of a central pair of microtubules surrounded by nine tubule doublets that are connected to 
each other and to the central pair. Bar, 0.2 um, (b) Longitudinal section of a normal spermatozoon: 
sperm head with nucleus (N) and acrosome (A). The mid-piece comprises the axoneme (AX) and 
associated outer dense fibres, mitochondria (M) and a cytoplasmic droplet (C). The principal piece 
contains the axoneme and fibrous sheath (RF). Bar, 1 um. 
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Fig. 39.3: Components of the axoneme are represented schematically. The axonemal complex 
comprises nine microtubule doublets interlinked by nexin and connected to the central sheath of the 


central pair by radial spokes 


The motor of flagellation is the row of 
outer and inner dynein arms from each 
doublet. When the dynein ATPase is activated 
in doublets 1-4 in one half of the axoneme, the 
arms on each doublet pull on each adjacent 
doublets 2-5 with repetitious formation and 
breakage of dynein bridges. Because the 
doublets are anchored at the connecting piece 
in the neck region and at different sites in the 
end-piece, the flagellum does not lengthen and 
shorten; rather the sliding movement of the 
doublets so produced is translated into 
flagellar bending in one direction. When 
active sliding is switched to the doublets 6-9 
on the other half of the flagellum, bend 
formation occurs in the opposite direction. 
This alternating bending and the propagation 
of these opposing bends along the flagellum 
result in oscillation of the sperm tail. The 
mechanisms for the switching from one 
bending to the opposite bending have been 
explained by the “switch point” or the more 
recent “geometric clutch” models. 
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The set-point at which such switching 
occurs differs between progressive motility 
and the state of hyperactivation (more 
vigorous flagellation but less progressive 
movement) that occurs in _ capacitated 
spermatozoa. This results in an altered pattern 
of tail flagellation in hyperactivation 
Assessment of hyperactivated motility of 
human spermatozoa is largely performed by 
computer image analysis of patterns of the 
track of the head. 


Various types of axonemal defects in 
ejaculated human spermatozoa have been 
identified clinically as the cause of sperm 
immotility in infertile men. These include 
absence of dynein arms, central pairs, linking 


components or outer dense fibres, and 
disorganization of axonemal and peri- 
axonemal components. However, not all 


axonemal anomalies lead to total immotility of 
the sperm cell, in particular the lack of outer 
dynein arms, which is in agreement with the 
interpretation of different functions for 


different types of dynein arms. Bend initiation 
and the maintenance of the angle of the 
propagating bend are each attributed to the 
inner arms, whereas the outer arms are not 
essential for flagellation but generate force to 
overcome the viscous bending resistance in 
the regulation of bend growth and beat 
frequency. 


Motility is essential for sperm migration 
out of cervical mucus, partly responsible for 
their reaching the site of fertilization, and 
obligatory for penetrating the egg’s cellular 
and acellular investments. 


Ener gy for Flagellation 


The midpiece mitochondria generate 
energy via oxidative phosphorylation from 
respiratory substrates and correlations between 
the mitochondrial membrane potential and 
progressive motility and IVF success have 
been documented. However, glycolysis can 
provide additional energy from substrate-level 
phosphorylation and this supports human 
sperm motility. This is facilitated by the 
glycolytic enzyme location along the fibrous 
sheath which also provides a scaffold for 


closely associated signal transduction 
molecules for sperm function including 
motility. 


Immotility may stem from mitochondrial 
dysfunction providing insufficient energy for 
motility, although dysfunctional axonemes 
that are not reactivated with ATP indicate that 
other, non-metabolic, factors may be 
responsible. 


The epididymis 


The human epididymis is 10-12cm long 
before becoming the convoluted vas and the 
coiled, convoluted vas extends for another 7- 
8cm (these estimates refer to the length of the 
epididymal organ, not to the length of the 
uncoiled epididymal tubule). The “tail’ of the 
human epididmyis contains at least 50% of the 
sperm present in the epididymis. 


Histology of the epididymis reflects the 
fact that the bulk of the caput epididymidis 
consists of efferent duct tubules and the cauda 
is the site of sperm storage. 


By the mid-corpus the epithelium has 
taken on the appearance of a tall, relatively 
uniform, stereo-ciliated columnar epithelium, 
and in the cauda, the epithelium surrounding 
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the enlarged tubule lumen, has become very 
short, allowing room for maximum sperm 
storage and reflecting the lower metabolic 
activity of this epithelium relative to that of 
the more proximal duct. 


The uncoiled epididymal tubule is 6-7m 
long. Epididymal transit time for human 
sperm has been estimated to require 2-6 days. 


The epididymis secrets several types of 
secretions. Three low molecular weight 
secretions are present in high concentration in 
the epididymis: L-carnitine, which is not 
synthesized the epididymis but concentrated 
from the circulation; myo-inositol, which is 
both transported and synthesized by 
epididymal epithelium, and glycerol- 
phosphocholine (GPC), synthesized from 
circulating lipoproteins. These substances may 
serve a role in sperm storage in the epididymis 
and sperm survival in the female tract. 


The epididymis secretes several proteins 
which may have a role in sperm maturation or 
storage. IVF success can be predicted from the 
sperm content of the epididymal protein P34H. 


The neutral form of œ-glucosidase is an 
important secretion of the epididmyis, and its 
absence from seminal plasma is used clinically 
as an indication of distal ductal occlusion in 
cases of azoospermia. 


The epididymis contributes to a fertile 
ejaculate through four classical functions: 
sperm maturation, sperm transport, sperm 
concentration, and sperm storage. 


Sperm maturation 
Introduction 


Sperm maturation and acquisition of 
motility occur in the epididymis. This is 
essential for fertilization by natural mating. 
However, epididymal maturation is not 
essential for fertilization by ART such as IVF 
or ICSI. 


Different measurements of sperm 
maturation are documented (e.g., percent 
progressive motility, percent ova fertilized 
with intrauterine insemination, percent ova 
fertilized with in-vitro fertilization (IVF), and 
percent ova-binding spermatozoa after sub- 
zonal injection). The overall data reflect the 
obvious trends that sperm motility and fertiliz- 
ing potential increase dramatically from 
caput to cauda epididymidis. 


Sperm from the caput epididymidis are 
essentially immotile and infertile. They gain 
the capacity for motility and fertility during 
epididymal transit. 


It is now well established that the 
proximal regions of an obstructed epididymis 
can yield sperm with a relatively high fertility 
potential when used with ICSI or even 
conventional IVF. 


The use of aspirated sperm in ICSI 
bypasses the requirement that sperm be 
motile and be able to acrosome react, 
penetrate the zona, bind to the egg plasma 
membrane, fuse with the membrane, and 
complete fertilization on their own. Even in 
IVF, there is no requirement for survival in 
seminal plasma, then in cervical mucus, in the 
uterine environment, and finally in the 
oviductal fluids. Neither is there a need for the 
kind of motility capable of propelling the 
sperm through the cervical mucus into the 
uterus and through the utero-tubal junction 
where it must still propel itself into the oviduct 
en route to the site of fertilization; thus, in 
either ICSI or IVF it is not surprising that 
the epididymis can be bypassed either in part 
(IVF) or in toto (ICSI). It is surprising, 
however, that spermatozoa can acquire the 
necessary characteristics for fertilization in 
vivo without having to pass through a 
substantial length of epididymal tubule. 


Caput vaso-epididymostomy and 
efferentiovasostomy allow for either brief or 
no exposure of sperm to the epididymal 
microenvironment although pregnancies may 
occur. In both cases, however, sperm cells are 
exposed to the vas deferens micro- 
environment. One possible explanation for 
sperm maturation in these situations is that the 
microenvironment of the vas deferens may be 
more suitable for sperm maturation than is 
commonly appreciated. 


The situation with sperm aspiration is 
different than with proximal tubule 
reconstruction. Sperm from caput epididymal 
or even testicular aspiration are exposed to 
little or no epididymal secretion and to no vas 
deferens secretion. These sperm cells have 
considerable fertility potential in the assisted 
reproductive technology (ART) setting, 
because the requirements put upon them are 
quite different than in the cases of vaso- 
epididymostomy and natural mating. As 
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already mentioned, aspirated sperm used in 
ART procedures are not required to possess 
all the motility and survival capacities of 
sperm cells attempting natural fertilization. 
For such sperm there is no exposure to 
seminal plasma, no deposition in the vagina, 
no movement required through the viscous 
cervical fluids, and no exposure to potentially 
damaging uterine or oviductal environments. 
With these impediments removed, sperm with 
an even less complete maturation than those 
found in an ejaculate after caput vaso- 
epididymostomy might reasonably be 
expected to fertilize an ovum in vitro. 


Evidence for sperm maturation from assisted 
reproduction techniques 


Another avenue of approach _ to 
determining the “fertility profile’ of the 
epididymis is the application of assisted 
reproduction techniques. Under these 
experimental conditions, though, where the 
challenges to spermatozoa are completely 
different from those encountered in vivo, 
various stages of the fertilization process may 
be achieved in vitro by what were hitherto 
considered immature spermatozoa. Thus, in 
contrast to epididymovasostomies, in which 
spermatozoa are deposited through natural 
copulatory activity into the female tract, 
assisted reproductive technologies bypass 
most of the natural barriers confronted by 
normally ejaculated spermatozoa. 


Data are available from in vitro 
fertilization (IVF) where spermatozoa are 
taken from various regions of occluded ducts. 
especially from men with congenital bilateral 
absence of the vas deferens (CBAVD) and 
cystic fibrosis (CF), where no vasal structures 
are present and surgical correction is not 
possible. Pregnancies can result from 
fertilization of eggs by epididymal 
spermatozoa obtained from the cauda, corpus 
and caput (micro-epididymal sperm 
aspiration, MESA) and testicular 
spermatozoa from the efferent ducts and 
epididymal spermatoceles, tubuli recti and 
testicular biopsies (testicular sperm 
extraction, TESE). Where comparisons have 
been made, spermatozoa from more proximal 
regions of the tract are generally less 
competent to initiate pregnancies as judged by 
high embryonic losses. 


With more invasive reproductive 


technologies, human testicular spermatozoa 
produce pregnancies by intracytoplasmic 
sperm injection (ICSI). Even immature germ 
cells, obtained from the ejaculate or 
testicular biopsies, can initiate pregnancies 
via intracytoplasmic injection methods 
termed ELSI (elongated spermatid injection), 
ROSI (round spermatid injection) or ROSNI 
(round spermatid nucleus injection). The 
sperm-associated oocyte activation factor 
(SOAF: now identified as phospholipase C 
zeta [PLCC]) develops during 
spermatogenesis: it is absent from primary 
and secondary spermatocytes but present in 
round spermatids. 


Sperm maturation: Morphology and motility 
Changes in Sperm Morphology 


The percentage of spermatozoa with 
normal head morphology appears to increase 
throughout the epididymis because the 
macrocephalic forms with “exploded’ post- 
acrosomal regions disappear. 


Initiation of Sperm Motility 


Spermatozoa released from the testis are 
equipped with the structural complex for 
flagellation although they arc largely 
immotile. Some sluggishly motile 
spermatozoa can be obtained from the testis of 
patients with CBAVD_ or obstructive 
azoospermia, although the incidence of 
spontaneous testicular sperm motility seems to 
occur only in association with epididymal or 
ductus deferens blockage. Induction of 
motility is a time-dependent phenomenon and 
it is now common practice to incubate 
testicular spermatozoa in vitro to induce 
motility before using them for ICSI. 


Acquisition of coordinated sperm motion 


In passing through the epididymis, 
spermatozoa from the testis not only acquire 
the potential for motility, but also develop the 
pattern of movement to a mature form. There 
is a general trend of increase in values for 
kinematic parameters including motility 
percentage, velocity of forward progression 
(VSL) and straightness of the swim-path. The 
increase in VSL is largely a consequence of 
development in the coordination of 
flagellation, reflected by the parallel increase 
in the linearity of progression, in addition to 
an increase in the vigor of flagellation as 
reflected by the curvilinear velocity. These 
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maturational changes in sperm kinematic 
parameters occur within the proximal half of 
the epididymis and are accomplished in the 
mid-corpus epididymidis. 


Regulation of Sperm Motility 


Mature spermatozoa released from the 
cauda epididymidis can swim better than less 
mature caput spermatozoa because of the 
acquisition of motility permissive factors and 
removal of some inhibitory factors to allow 
the necessary signal transduction. These 
include changes such as intracellular pH, Ca”, 
cAMP and the protein phosphatase PPly2 
activity. 


Consequences of increased vigor of mature 
spermatozoa 


The increased vigor of the more mature 
sperm cells, as indicated by VCL, provides 
them with an efficiency that is lacking from 
immature spermatozoa from the proximal 
epididymis with respect to their escaping from 
cervical mucus, migrating within the female 
tract and penetrating the egg investments. 
They have less of an advantage in vitro when 
contact with eggs is provided technically, as in 
IVF, although penetration of the zona is still 
required here. For (now no longer practiced), 
subzonal insemination (SUZI), where the zona 
is breached mechanically to bring the sperm 
cell into the peri-vitelline space, motility is not 
required for fertilization since even immotile 
spermatozoa (e.g.. from men with the ciliary 
disturbance Kartagener’s syndrome) may fuse 
with the egg. After penetrating the egg the 
spermatozoon stops beating so that motility is 
not required once the sperm nucleus has 
entered the egg, and stopping movement by 
damaging the sperm membrane is a normal 
and necessary practice in ICSI techniques. 


Sperm maturation: Interaction with the egg 
Development of Sperm-Zona binding capacity 


Capacitated spermatozoa from the caput 
epididymidis bind to the zona pellucida to a 
lower extent than those from the ejaculate, 
providing evidence for epididymal maturation 
of the zona binding process. Many sperm 
“zona receptors” have been identified in 
different species: some are present on 
testicular spermatozoa and are modified 
during epididymal transit by changes in size or 
location on the sperm head, others are 
secretion products of the epididymis. A human 


epididymal secreted glycoprotein (P34H) has 
been shown to be involved in zona binding. 


Some cases of infertility are associated 
with failure of spermatozoa to attach to the 
zona and lack of epididymal P34H in sperm 
extracts. 


Development of the sperm’s ability to undergo 
an induced acrosome reaction 


When epididymal spermatozoa are 
incubated under conditions considered 
capacitating for mature cells, fewer caput cells 
undergo these “spontaneous” acrosome 
reactions than those from the corpus or cauda 
epididymidis. Synchronizing the acrosome 
reaction in human epididymal spermatozoa by 
incubation with calcium ionophore or a cold 
stimulus leads to a higher rate of acrosome 
reactions by mature than immature 
spermatozoa, demonstrating maturation of the 
ability of sperm cells to respond to external 
stimuli upon maturation. One prerequisite of 
the acrosome reaction is appropriate cell 
membrane lipid fluidity and organization to 
permit the plasma and outer acrosomal 
membrane to fuse and vesiculate, and the 
equatorial acrosomal membrane to fuse with 
the oolemma. The difference in membrane 
lipid composition between immature and 
mature spermatozoa may underlie their 
different ability to undergo the acrosome 
reaction. Provided that they undergo the 
acrosome reaction, immature spermatozoa 
have sufficient acrosin for zona penetration, 
since they contain no less acrosin than mature 
spermatozoa. 


Development of the sperm’s potential to fuse 
with the vitellus 


The ability of epididymal spermatozoa to 
bind to and fuse with the hamster vitelline 
membrane occurs beyond the caput and is 
maximal in the cauda epididymides. 


Condensation of sperm chromatin and ability 
to form male pronuclei 


Chromatin condensation occurs in 
spermatozoa in the epididymis, as indicated by 
decreased staining by aniline blue, a dye that 
interacts with histones, and by acridine 
orange, that hinds to the nucleic acid, as 
spermatozoa mature. The decreased staining 
reflects decreased access of the dyes due to the 
oxidation of | sulphydryl bonds in 


nucleoproteins, resulting in increased 
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chromatin stability 


Development of the sperm’s 
contribute to a healthy embryo 


ability to 
Although fertilization may result in vitro 
from human epididymal spermatozoa, transfer 
of embryos does not always result in 
pregnancies. Comparison of the number of 
cycles that produce pregnancies with those in 
which fertilization occurs reveals that human 
spermatozoa from the proximal occluded 
epididymides are not able to generate embryos 
of such good quality as spermatozoa obtained 
more distally. This view is confirmed by 
findings on the application of ICSI to 
testicular spermatozoa which have shown that 
the formation rate of two pronuclear embryos 
is lower and the transfer rate and pregnancy 
rates are lower with testicular spermatozoa 
compared with epididymal sperm cells. 


Sperm transport 


The propelling forces for sperm transport 
through the epididymis are (1) hydrostatic 
pressure from fluid secretion in the testis, (2) 
peristaltic contractions of the tubule. 


Net fluid transport rates are rapid in the 
proximal epididmyis, where fluid is non- 
viscous and water is being rapidly absorbed 
from the lumen, but transport rates slow 
considerably in the distal tubule, where the 
lumen content can be quite viscous and little 
water absorption is occurring. The time 
required for sperm to transit the epididymis is 
2-6 days. 


Sperm concentration 


The sperm-concentrating ability of the 
epididymis is due to fluid reabsorption 
subsequent to anti-luminal electrolyte 
transport. In rats, 90-95% of fluid leaving the 
rete testis has been reabsorbed by the time the 
remaining fluid reaches the end of the caput 
epididymis. 

Sperm storage 


Approximately 55-65% of total 
epididymal sperm are stored in the human 
cauda epididymidis. The transport rate is 
slower and the transit time is longer in the 
cauda than the proximal epididymis. 


Ejaculated spermatozoa are unlikely to 
have been held for long periods in the 
epididymis and after about 2 weeks of 


abstinence spermatozoa appear in the urine. 
The caudal sperm reserve is not emptied by 
one ejaculation and when aged spermatozoa 
are cleared from the epididymis by multiple 
ejaculations within a short period of time after 
a 2-week period of sexual abstinence, they arc 
still viable. 


Experimental retention of the epididymis 
(but not testis) in the abdomen reduces the size 
and storage capacity of the epididymis and our 
clothed life-style, which limits scrotal 
cooling, may influence spermatozoa 
contained in the epididymis with undesirable 
consequences for fertility. The increased 
solubility of oxygen at lower temperatures 
may help maintain the viability of the 
concentrated spermatozoa. Spermatozoa 
within the human epididymis retain their 
fertilizing potential in vitro for at least 30h 
after death. 


Spermatozoa within the epididymal canal 
are quiescent. This is partially enforced by 
lower concentration of sodium and higher 
concentrations of potassium in epididymal 
fluid than are found in serum as a result of the 
transporting activities of the epithelium. 


During their time in the epididymis 
spermatozoa are likely to be protected from 
lipid per-oxidation by certain secretory 
products of the epididymis such as superoxide 
dismutase and glutathione peroxidase and 
from damage by leaking acrosomal enzymes 
by a secreted acrosin inhibitor. Inadequate 
epididymal storage can be a cause of 
necrozoospermia. 


The prostate 


In an average 3.0-3.5mL ejaculate, the 
prostatic contribution is approximately 0.5L; it 
is rich in citrate, zinc, polyamines, cholesterol, 
acid phosphatases, prostaglandins, and various 
proteases important in the liquefaction of 
semen. Citrate is an important contributor to 
osmotic balance and may also be important as 
a metal ion chelator. Zinc is a constituent of 
many metalloenzymes, and free zinc has been 
claimed to be bacteriostatic in seminal plasma. 
While the general function of acid 
phosphatases is known (hydrolysis of organic 
monophosphate esters), the specific biological 
role of acid phosphatase in semen is uncertain. 
Nevertheless, the enzyme is clinically 
important, since metastasizing prostatic cancer 
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cells secrete the enzyme into serum. For this 
reason, acid phosphatase has served as an 
important marker for prostatic adeno- 
carcinoma. More recently, prostate-specific 
antigen (PSA) has become widely used as a 
marker for prostatic cancer. PSA is a serine 
protease, secreted by the prostatic epithelium, 
which plays a role in epithelial cell regulation, 
but it also acts as a protease degrading a major 
galactosaminoglycan (GAG) secreted into the 
ejaculate by the seminal vesicles, suggesting a 
role in the liquefaction of semen. 


The seminal vesicles 


The seminal vesicles are two large 
lobulated glands, 5-10cm in length, which lie 
inferiorly and dorsally to the bladder wall. The 
paired organs lie almost horizontally when the 
bladder is empty and are pulled vertically 
when the bladder is distended, The glands 
consist of blind-coiled alveoli with several 
diverticula. The epithelial cells range from 
cuboidal to columnar but contain numerous 
organelles associated with secretory processes. 
The name of the glands arose from early 
beliefs that they stored spermatozoa, but this is 
not the case. The ducts of the seminal vesicles 
join with the ampulla of the vasa and enter the 
urethra at the verumontanum. 


Secretions of the seminal vesicles make 
up approximately 1.5-2.0 ml of the average 3 
ml ejaculate. The most important products of 


the seminal vesicles are fructose, 
prostaglandins, and coagulating proteins. 
Fructose concentrations in secretions of 


seminal vesicles are approximately 3mg/mL, 
while a total concentration of other sugars is 
only 0.1 mg/mL. Fructose is thus the major 
energy substrate of sperm metabolism, and is 
important for the maintenance of sperm 
motility. 

Prostaglandin concentrations in seminal 
plasma range from 100 to 300ug/mL, and this 
is sufficient to produce pharmacological 
effects. The name “prostaglandin’ came from 
the original belief that the active agent found 
in seminal plasma came from the prostate. It is 
how known that prostaglandin arises 
primarily from the seminal vesicles, and that 
the prostaglandins appear in many molecular 
variants There are approximately 15 types of 
prostaglandins and these are conventionally 
divided into four major groups (A, B, C, and 
D) according to their structure. The E group 


of prostaglandins is the major form in the 
male reproductive tract, and has been 
associated with the induction of muscular 
contractions, changes in cervical mucus, and 
improvement in sperm transport. 


Seminal vesicle proteins are thought to 
play a role in forming the viscous coagulum 
evident after ejaculation, and various proteases 
from the prostate, e.g., PSA, and perhaps from 
the seminal vesicles themselves, then digest 
these proteins and cause liquefaction. There is 
also a potential role for seminal vesicle secre- 
tions in protecting sperm from reactive oxygen 
species present in the semen, whether 
produced by leukocytes or generated by the 
spermatozoa themselves. 
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The bulbourethral glands and 
the glands of littré 


The bulbourethral glands are encased in 
the urogenital diaphragm. Embryologically, 
they arise from epithelia projecting from the 
urogenital sinus, and in the adult, the ducts of 
the glands penetrate the inferior layer of the 
diaphragm to enter the penile urethra. Their 
secretion forms the first part of the ejaculate, 
or the “pre-ejaculate,” and serves to flush the 
tract with a buffered lubricant prior to the 
transport of sperm. The glands of Littré are 
small, simple glands emptying into the penile 
urethra. These glands have little secretory cap- 
acity, and their function is unknown. 


Section 7: Basic aspects of male reproduction 


Chapter 40: The Fertilization process 


Introduction plasma and outer acrosomal membranes and 
the release of the content from the acrosomal 
granule; these components, in conjunction 
with the hyperactivated vigorous motility help 
sperm penetration through the ZP The 
spermatozoon reaches the peri-vitelline space, 
binds and fuses to the egg plasma membrane 
(oolemma); the sperm head enters the egg 
cytoplasm (ooplasm), and the sperm nucleus 
undergoes decondensation. Ultimately, sperm 
entrance triggers mechanisms to block 
polyspermia. Each of these steps is 
schematically represented in figure 40.1. 


Fertilization is a fundamental process that 
involves a highly coordinated sequence of 
interactions between the female and male 
gametes, giving rise to a diploid zygote. 
During this process, spermatozoa that have 
successfully completed spermatogenesis, 
epididymal maturation, and transport through 
the female reproductive tract first bind to the 
extracellular matrix that surrounds the egg, 
called the zona pellucid (ZP). Sperm binding 
to ZP glycoproteins triggers sperm acrosomal 
exocytosis (AE), involving fusion of the sperm 
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Fig. 40.1: The sequence of events leading to fertilization. After the intact, capacitated spermatozoon 
penetrates the cumulus oophorus (7) it makes contact with the zona pellucida (2) which induces the acrosome 
reaction on the surface of the zona (3). The acrosome-reacted spermatozoon drives its way through the zona 
substance (4) into and across the peri-vitelline space (PVS). Binding to and fusion of the acrosome-reacted 
spermatozoon with the vitellus (5) initiates membrane-mediated calcium dependent electrical spikes and 
introduce sperm associated an egg-activating factor that promotes migration of the cortical granules to the egg 
surface where their contents are liberated into the PVS (6) and diffuse across it to alter the zona substance 
such that subsequent spermatozoa cannot bind to the zona, the "zona block to polyspermy" (7). The granules' 
membranes are now the egg membrane and block fusion of acrosome-reacted spermatozoa that may 
simultaneously be in the PVS, the "vitelline block to polyspermy" (8). Penetration of the fertilizing 
spermatozoon (9) further activates the egg, overcoming the metaphase promoting factors, so that the second 
meiotic division ensues, leading to extrusion of the second polar body (PB2) and the female pronucleus (10). 
Meanwhile the sperm tail degenerates and the sperm chromatin decondenses in the cytoplasm (11), its 
protamine is replaced by histones and the male pronucleus forms. The sperm's centriole organizes microtubule 
spindles that spread throughout the ooplasm (12) and eventually contact the female pronucleus and draw it to 
that of the male (13). Eventual alignment of sister chromatids leads to syngamy (14). 
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Although in the last 30 years some of the 


mechanisms involved in mammalian 
fertilization have been elucidated, the 
molecular basis of human sperm-egg 


interaction is still not completely known. 
Defective sperm-ZP interaction and disordered 
ZP-induced AE have been identified as major 
causes of fertilization failure in standard in- 
vitro fertilization (IVF) procedures performed 
in couples under infertility treatment, and a 
major contribution to this outcome has been 
attributed to abnormalities in the male gamete. 
An understanding of the molecular 
mechanisms underlying the processes by 
which spermatozoa reach, recognize, bind to, 
and fuse with the egg will provide new tools 
for the improvement of current methods of 
treatment and diagnosis of male infertility, as 
well as methods for regulation of male 
fertility. 


Sperm transport in the male 
genital tract 


Spermatozoa shed from the seminiferous 
epithelium together with fluid secreted by the 
Sertoli cells are pushed through the tubuli 
recti into the cavities of the rete testis as the 
fluid is drawn along by the ciliary action and 
absorption of fluid in the testicular efferent 
ducts. The spermatozoa then pass into one of 
the 12-18 efferent ducts (each 0.2-0.5cm long) 
forming the caput epididymidis that eventually 
unite to form the single tubule of the 
epididmyis. The efferent ducts comprise 
ciliated and non-ciliated cells which provide a 
resorptive epithelium that concentrates the 
spermatozoa entering the ducts from the testis 
by mediating the transfer of ions and water 
from the tubule lumen to the interstitium; they 
may also have a secretory role. 


The single duct of the epididymis is 
coiled into lobules and is made of a caput, 
corpus and cauda region. The total length of 
the uncoiled epididymis in man is 6-7cm. The 
epididymis has a pseudo-stratified epithelium 
made of principal cells of various heights 
(generally shorter distally) and basal cells that 
do not extend to the lumen. These cells are 
both resorptive and secretory in nature and 
they maintain a unique microenvironment in 
which sperm can remain viable for over 2 
weeks. 


The time for spermatozoa to pass 
through the epididymis is 2-6 days, depending 
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on testicular sperm output. In the epididymis 
spermatozoa mature and are stored prior to 
ejaculation. 


Sperm transport in the female 
tract 


Human semen is ejaculated into the 
anterior vagina and, within minutes, 
spermatozoa enter the cervix by traversing the 
cervical mucus. The mucus acts as a sperm 
filter, and only cells with good motility and 
morphology can enter the uterine cavity; in 
the uterus, spermatozoa are subjected to 
muscular contractions, and a few thousand 
cells are able to reach the Fallopian tubes. 
During their transport and storage in the 
female genital tract, spermatozoa undergo 
several metabolic and structural changes, 
collectively known as _ capacitation, and 
develop a distinct pattern of motility named 
hyperactivation. These changes prepare sperm 
cells to be guided to the egg by thermotaxis 
and chemotaxis, and are required for the 
occurrence of AE (acrosome reaction) and for 
sperm penetration through the egg vestments. 
The close’ relationship and dynamic 
interactions between spermatozoa and 
secretions and/or cells of the female genital 
tract are essential for the regulation and 
development of in-vivo sperm fertilizing 


ability. 
Passage of un-capacitated spermatozoa 
through cer vical mucus 

During intercourse spermatozoa are 


deposited in the vagina within the seminal 
plasma which neutralizes vaginal acidity and 
provides immuno-protection. Spermatozoa 
migrate out of the seminal coagulum during its 
liquefaction in the vagina and cervix into a 
mucus secreted around ovulation by the 
cervical crypts. The first sperm-rich portion of 
the ejaculate may immediately contact 
cervical mucus extending into the vagina. The 
alignment of the mucus glycoprotein 
constituents around ovulation favors the 
passage of sperm cells. 


However, mucus can represent a barrier to 
sperm passage when anti-sperm antibodies are 
present in it. Antibody-coated spermatozoa 
are anchored by their tails, leading to a 
“shaking” phenomenon observed in vitro. 
This observation has diagnostic significance in 
the in vitro cervical mucus contact (Kremer) 


test. In addition to spermatozoa suffering from 
sub-normal tail flagellations (subnormal 
motility), morphologically abnormal 
spermatozoa also suffer a hindrance when 
penetrating cervical mucus, as a result of 
hydrodynamic considerations (resistance to 
passage of the head). Spermatozoa that cannot 
regulate their volume also display impeded 
transport though mucus. In addition to their 
own movements, bulk movement of 
spermatozoa to the oviducts is assisted by 
ipsilateral uterine peristalsis which is 
controlled by estradiol secreted from the 
dominant follicle and enhanced by oxytocin. 


Sperm capacitation 


Human sperm capacitation is initiated 
when the male gamete traverses the cervical 
mucus, with the removal of inhibitory factors 
from the seminal plasma. Several capacitation- 
related events take place during sperm passage 
through the uterus and Fallopian tubes or 
penetration of the cumulus oophorus, and 
capacitation is completed on the face of the 
ZP, with AE. Evidence indicates that sperm 
capacitation is an asynchronous event, and that 
only a small proportion of the cells from an 
ejaculate (approximately 10% in humans) are 
capacitated at a given time; the continuous 
replacement of the capacitated sperm 
population would ensure the availability of 
“egg-responsive” spermatozoa for a relatively 
extended period of time. 


Capacitation has been associated mainly 
with (1) modifications in the sperm plasma 
membrane composition and fluidity, (2) 
changes in intracellular ion concentrations, (3) 
generation of low and controlled levels of 
reactive oxygen species, and (4) an increase in 
protein phosphorylation. 


Sperm plasma membrane modifications 


Sperm capacitation has been associated 
with the removal, alteration, and acquisition of 
sperm plasma membrane components during 
migration into cervical mucus or during 
passage through the uterus and oviduct. 


An important modification related to 
sperm capacitation is the cholesterol efflux. 
Cholesterol provided by the seminal plasma 


is the principal inhibitor of sperm 
capacitation; as a result of cholesterol 
removal, there is a decrease in the 


cholesterol/phospholipid ratio and an increase 
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in membrane fluidity. Loss of sperm sterols 
also leads to a decrease of lipid order; such 
changes are associated with an increase in ion 
permeability and protein tyrosine 
phosphorylation, and with a redistribution of 
cell surface proteins. In particular, cholesterol 
efflux has been connected with the exposure 
of mannose receptors on the sperm surface 
that may interact with sugar residues of ZP 
glycoproteins. 


Proteins of epididymal and/or seminal 
plasma origin, which act by stabilizing the 
plasma membrane and by preventing a 
premature AE are removed from the sperm 
surface during capacitation. Other proteins 
can be unmasked after sperm incubation under 
capacitating condition, as shown for the 
epididymal protein P34H. Moreover, protein 
redistribution may occur during capacitation; 
for example, the human testicular protein 
TPX1 is localized in the acrosomal region of 
ejaculated spermatozoa, but in the equatorial 
segment of capacitated cells. 


Some seminal plasma components can 
bind to specific sperm receptors and regulate 
the expression of sperm fertilizing ability. It 
has been reported that fertilization-promoting 
peptide (FPP), adenosine, calcitonin, and 
angiotensin II stimulate the initiation of 
capacitation, by modulation of membrane- 
associated adenylate cyclase (AC) activity, 


and hence intracellular levels of cyclic 
adenosine monophosphate (cAMP). The 
incorporation by the sperm plasma 


membrane of some uterine and oviductal 
proteins has also been reported. As an 
example, sialic acid-binding protein (SABP) is 
secreted by human endometrial cells and 
would bind to the sperm head, facilitating 
calcium (Ca”*) influx into sperm. 


Changes in intracellular ion concentrations 


An increase in intracellular Ca ion 
concentration during human sperm 
capacitation has been reported. It is suggested 
that binding of this cation to some proteins 
(calmodulin) may affect the activity of several 
enzymes, such as soluble AC or phospho- 
diesterase, modulating the intra-cellular levels 
of cAMP; moreover, Ca’ ions may directly 
interact with membrane phospholipids, 
modifying their fluidity. Ca” signaling in 
human spermatozoa would be regulated by the 
release of this cation from intracellular stores, 


as well as by activation of several transporters 
and channels in the sperm plasma membrane. 


Capacitation has also been linked with 
bicarbonate (HCO; ) and sodium (Na*) influx 
into spermatozoa and with potassium (K*) 
efflux. As a result of HCO; influx, there is a 
rise in intracellular pH; HCO; may also 
activate soluble AC and then be involved in 
cAMP metabolism. Enhanced K* permeability 
and decreased Na* permeability may lead to 
sperm plasma membrane hyperpolarization; 
hyperpolarization would be essential to revert 
to inactivation of Ca% channels, leaving them 
with the ability to be activated by the ZP 
during AE. 


Reactive oxygen species 


Spermatozoa incubated under aerobic 
conditions generate reactive oxygen species 
(ROS), such as superoxide anion (O7), which 
spontaneously dismutates to hydrogen 
peroxide (H202). Although high ROS 
concentrations are harmful to the cell, low 
concentrations are beneficial for the 
development of sperm capacitation and AE. 
ROS are produced in high quantities by 
leukocytes, but Oy production by spermatozoa 
has also been reported as an early 
capacitation-related event. ROS would 
regulate enzymes involved in cAMP synthesis 
and in protein phosphorylation. 


Increase in protein phosphorylation 


The occurrence of sperm capacitation has 
been associated with an increase in protein 
phosphorylation on tyrosine residues. Most 
tyrosine-phosphorylated proteins have been 
localized to the sperm flagellum, although 
tyrosine phosphorylation of head proteins has 
also been reported. In particular, A-kinase 
anchor proteins and calcium-binding and 
tyrosine phosphorylation regulated protein 
(CABYR) localized on the human sperm tail 
undergo phosphorylation on tyrosine residues 
during capacitation; these proteins are 
involved in the maintenance of sperm 
motility and probably in the development of 
hyperactivation. 


Consequences of capacitation 
Development of hyperactivated motility 


At ejaculation, spermatozoa display 
activated progressive motility that allows 
them to be propelled through the female 
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genital tract. While residing in the oviduct, or 
following incubation under  capacitating 
conditions, mammalian spermatozoa are able 
to change their motility pattern and show a 
less progressive, vigorous movement, 
characterized by a _ high-amplitude and 
asymmetrical flagellar beating; this 
phenomenon has been termed hyper- 
activation. Hyperactivation is associated 
with sperm capacitation; however, the 
development of hyperactivated motility may 
be regulated by a separate or divergent 
pathway from that modulating the acquisition 
of acrosomal responsiveness. Although ATP 
and cAMP are necessary for sperm 
hyperactivation, there is evidence showing 
that an increase in intracellular Ca” 
concentrations is essential for the 
development of this type of motility, which 
may be linked with the phosphorylation of 
specific flagellar proteins. Concomitant with 
the ability to undergo in-vitro capacitation, a 
small proportion of the human spermatozoa 
synchronously develops hyperactivation 
(approximately 20% of the cells), and 
hyperactivation is a reversible process since it 
can be “switched on and off” in individual 
cells. 


Hyperactivated motility may be required 
for sperm release from the oviductal 
epithelium, for reaching the fertilization site, 
and for penetrating the cumulus oophorus 
and ZP. 


Migration to the site of fertilization: Sperm 
thermotaxis and chemotaxis 


Evidence has indicated that mammalian 
spermatozoa do not reach the egg by random 
encounter and that, instead, capacitated cells 
follow guidance mechanisms towards the 
female gamete. In addition to passive sperm 
drag by muscle contraction in the oviduct, the 
existence of two active mechanisms of sperm 
guidance, named thermotaxis and 
chemotaxis, has been reported in mammals. 
Thermotaxis is the movement of cells in the 
direction of a temperature gradient, and 
chemotaxis is the directed movement of cells 
along a chemical concentration gradient. 


Capacitated human spermatozoa have 
been demonstrated to display thermotaxis, as 
in vitro they are able to sense a temperature 
difference of 2°C and to swim from a cooler to 
a warmer temperature. 


Chemotaxis was reported in marine 
species with external fertilization and later this 
phenomenon was described in amphibians and 
animals with internal fertilization, including 
mice, rabbits, and humans. Many substances 
present in the oviductal and follicular fluids 
have been proposed as sperm chemo- 
attractants. 


These substances would result in an 
asymmetrical beating of the flagellum, with a 
change in the swimming direction. Some 
chemoattractants can also increase the 
flagellar beat frequency, reflected in an 
increment in swimming speed, a phenomenon 
that has been called chemokinesis. 


Thermotaxis and chemotaxis would have 
the function of recruiting a selective sperm 
population with the ability to fertilize the egg. 
It has been proposed that while thermotaxis 
may be a sperm guidance mechanism from the 
reservoir to the fertilization site, chemotaxis 
could be the way by which spermatozoa are 
directed through the cumulus cells to the egg. 


Penetration of spermatozoa through the 


cumulus oophorus 


After reaching the site of fertilization in 
the ampulla of the Fallopian tube, individual 
spermatozoa still have to surmount two 
harriers potentially preventing direct contact 
with the oolemma: the cumulus oophorus, in 
which the egg is embedded; and the zona 
pellucida, surrounding the oocyte. 


The cumulus oophorus consists of 
granulosa cells, including the “corona radiata” 
immediately adjacent to the egg. These cells 
are embedded in a viscoelastic matrix 
composed mainly of hyaluronic acid. 
Although lytic enzymes on the sperm surface, 
such as the hyaluronidase PH-20, may be 
involved in facilitating the passage of 
spermatozoa through the cumulus, the 
necessity for mechanical force from the hyper- 
activated spermatozoa itself is demonstrated 
by the physical distortion of the cumulus 
matrix by the penetrating spermatozoon. The 
spermatozoon may be directed to the egg 
within the cumulus by chemotaxis, the migra- 
tion of spermatozoa towards a_ higher 
concentration of chemoattractanat. The 
granulosa cells, especially the corona radiata, 
may secrete compounds that mediate short- 
range chemotactic migration within the 
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cumulus. 


Only acrosome-intact spermatozoa can 
penetrate the cumulus. If a spontaneous 
acrosome reaction (loss of the acrosome) 
occurs outside the cumulus, the spermatozoa 
cannot migrate through this investment. Thus, 
it is generally agreed that the acrosome 
reaction of importance for sperm penetration 
occurs on the surface of the zona pellucida. 


Sperm-egg interaction 


Sperm-egg interaction is a specialized 
process that leads to fertilization and 
activation of development. 


Studies performed in several mammalian 
species have shown that sperm cells that have 
completed capacitation first bind to the ZP and 
undergo AE; acrosome-reacted spermatozoa 
penetrate the ZP, reach the peri-vitelline 
space, and bind and fuse to the egg plasma 
membrane. 


Sperm binding to the zona pellucida 


Sperm binding to the ZP is a highly 
relevant step in the interaction events leading 
to fertilization since it provides species- 
specificity to the recognition between the two 
gametes, and it evokes the AE, an event that is 
required for sperm penetration of the ZP and 
fusion to the oolemma. Sperm-ZP binding 
involves the interaction of ZP components 
with sperm surface proteins of capacitated 
cells, known as primary binding. In addition, 
gamete binding involves participation of intra- 
acrosomal proteins exposed once spermatozoa 
undergo AE; this interaction, called secondary 
binding, helps sperm cells to remain 
associated with the egg extracellular matrix. 
Numerous findings favor the notion that 
several ZP and sperm proteins participate in 
these events. Irrespective of the specific 
receptors involved, there is a general 
consensus that sperm interaction with ZP 
ligands stimulates profound changes in the 
sperm cell, which include activation of several 
signaling cascades and ion channels. 


The zona pellucida (ZP) 


The ZP surrounds all mammalian eggs, 
and lies between the innermost layer of follicle 
cells and the egg’s plasma membrane. It is the 
last physical barrier that the spermatozoon 
must traverse to achieve fertilization; in 
addition, it protects the egg from physical 


damage, provides species-specificity to 
gamete interaction, and contributes to the 
blocking of polyspermia after sperm-egg 
fusion. The ZP also provides a defined 
environment for the preimplantation embryo 
and protects it from any injury. 


The human ZP has been found to have a 
selective role against morphologically and 
functionally abnormal spermatozoa. Sperm 
cells bound to the ZP show normal 
morphology, and normal nuclear chromatin. 
Human ZP glycoproteins may also participate 
in primary and secondary binding. Three ZP 
glycoproteins were identified in the human ZP 
and named hZPA, hZPB and hZPC. hZPA 
maintains the integrity of the ZP structure, 
hZPB is involved in the secondary binding of 
sperm to ZP, and hZPC is involved in primary 
binding. 
in 


Sperm receptors involved 


interaction 


sperm-ZP 


A large number of sperm proteins have 
been proposed to participate in ZP binding. 
Protein candidates include a variety of 
enzymes and carbohydrate-binding proteins as 
well as other proteins. In addition to these 
surface proteins, acrosomal components have 
been found to display ZP binding activity, and 
would most likely be involved in secondary 
binding. Among them are proacrosin/acrosin. 


FA-1 is a 51 kDa glycoprotein present on 
the post-acrosomal, mid-piece and tail sperm 
regions. Its participation in human gamete 
interaction has been suggested by reports 
describing the ability of specific antibodies 
and the purified protein to block sperm-ZP 
binding. 


P34H is a 34 kDa human sperm surface 
protein of epididymal origin localized on the 
acrosomal cap of intact ejaculated and 
capacitated cells. The involvement of P34H in 
human fertilization was first evidenced by the 
inhibitory effect of a specific antiserum upon 
sperm-ZP binding. Further research has 
revealed a significantly low concentration of 
P34H in a group of men with idiopathic 
infertility; a recent study also demonstrated a 
positive correlation between the proportion of 
cases with P34H and successful IVF. P34H 
has been proposed as a “fertility marker” in 
the assessment of the subfertile men. 


Acrosin is a sperm acrosomal protease. In 
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addition to its proteolytic activity, biochemical 
studies have shown that human acrosin and its 
zymogen, proacrosin, bind to human ZP 
glycoproteins. Proacrosin/acrosin proteins 
were found to bind to hZPA, hZPB and hZPC. 


Acrosomal exocytosis (AE): The acrosome 
reaction 


After binding to the ZP capacitated 
spermatozoa are able to undergo AE. The 
acrosome is a lysosome-like organelle that 
covers the anterior portion of the sperm 
nucleus. The membrane that overlies the 
nucleus has been called inner acrosomal 
membrane, and the portion that underlies the 
plasma membrane is known as outer 
acrosomal membrane. The acrosome contains 
soluble and particulate compartments (the 
latter known as acrosomal matrix), constituted 
by many proteins with hydrolytic properties. 
AE is an irreversible process that involves a 
complex series of intracellular events, which 
result in the fusion of the outer acrosomal 
membrane and the overlying plasma 
membrane with the subsequent release of the 
acrosomal content and the exposure of the 
inner acrosomal membrane. The occurrence 
of AE facilitates sperm penetration through 
the ZP, and exposure of certain molecules on 
the sperm equatorial segment that participate 
in the fusion with the oolemma. The 
fertilizing spermatozoon completes the AE 
upon interaction with ZP glycoproteins. 
Binding of hZPC to specific sperm receptors 
may cause their activation. Activated receptors 
trigger a cascade of events that culminates 
with membrane fusion and the release of the 
acrosomal components (the acrosome 
reaction). In capacitated human spermatozoa, 
AE can also be achieved by exposure to 
cumulus oophorus secretions, oviductal and 
follicular fluids. It has been demonstrated that 
AE-inducing activity of human follicular fluid 
(hFF) resides in its progesterone content. 
Progesterone and follicular fluid have shown a 
priming effect on ZP-induced AE in human 
spermatozoa. Since only capacitated cells are 
able to undergo AE in response to a 
physiological stimulus, the occurrence of AE 
indicates the completion of the capacitation 
process. 


Sperm penetration through the ZP 


Spermatozoa that have completed AE are 
able to penetration the ZP and fuse with the 


egg plasma membrane. During penetration, 
spermatozoa beat their tails vigorously and, in 
most cases, take curved paths, leaving behind 
a thin sharply defined penetration slit. 


The mechanism by which mammalian 
spermatozoa penetrate the ZP has still not 
been completely elucidated. Several scenarios 
have been proposed, within them a 
“mechanical hypothesis” in which sperm 
would complete ZP penetration solely by 
physical thrust and independently of the 
acrosomal enzymatic activity, and an 
"enzymatic hypothesis", in which sperm 
penetration would require enzymatic activity, 
and motility would not be very relevant. A 
mechanism combining sperm enzymatic 
hydrolysis with vigorous flagellar motility as a 
mechanical force has also been considered. 


Acrosin is a trypsin-like endoprotease 
synthesized and stored in the acrosome in its 
zymogen form, proacrosin; the activated 
mature enzyme, fB-acrosin, is released during 
AE. Spermatozoa lacking acrosin are unable 
to penetrate the ZP. 


In humans, an = abnormal acrosin 
enzymatic activity has been associated with 
fertility failure. In particular, a group of men 
diagnosed with unexplained infertility 
Showed decreased acrosin activity, the low 
enzymatic activity was related to a diminished 
IVF outcome, and abnormalities in proacrosin 
activation were identified. 


Sperm fusion to the oolemma 


Spermatozoa that have completed AE and 
ZP penetration reach the peri-vitelline space, 
and bind and fuse to the oolemma. The 
interaction between the fertilizing 
spermatozoon and the egg plasma membrane 
would initially involve the contact and binding 
between sperm receptors located in the inner 
acrosomal membrane from the apical region of 
the head and oolemma microvilli. After this 
interaction is dissociated by proteases, the 
spermatozoon might turn parallel, attach to the 
oolemma, and fuse by its equatorial segment. 
Apparently, the anterior sperm region is 
engulfed by egg phagocytosis and the post- 
acrosomal region and tail are subsequently 
incorporated via membrane fusion. A visible 
indication of gamete fusion is the reduction of 
sperm tail movement that occurs seconds after 
the fusion event. Under physiological 
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conditions, only one spermatozoon fuses with 
the oolemma. 


Acrosome-intact sperm cells are unable 
to fuse, regardless of their capacitation 
status. As a result of or concomitant with AE, 
the sperm plasma membrane at the equatorial 
segment undergoes major physiological 
changes rendering a cell capable of fusing 
with the egg, making the AE an absolute pre- 
requisite for gamete fusion. In contrast, strong 
sperm motility is not essential for sperm-egg 
fusion. 


Once the fertilizing spermatozoon has 
entered the ooplasm, the block of polyspermia 
is achieved by changes in the oolemma that 
prevent the entry of additional sperm cells 
(cortical reaction); in addition, enzymatic 
modifications of the ZP glycoproteins alter the 
structure and penetrability of the ZP matrix 
(i.e., hardening of the ZP, ZP reaction). The 
cortical reaction is the release of cortical 
granules that are superficially situated in the 
egg and these prevent a second spermatozoon, 
from entering the egg. Ultimately, the 
fertilizing spermatozoon activates zygote 
formation, and zygote development begins by 


receptor-mediated signal transduction 
cascades and/or provision of sperm 
components. 


Post-fusion events 
Activation of the egg 


Although the oocyte is developed from 
the follicle to be the female gamete 
contributing the maternal haploid genome, 
meiosis is not complete at the time of 
ovulation; it is arrested at metaphase of 
meiosis II. The importance of sperm entry at 
fertilization is the alleviation of this blockage 
so that the oocyte can resume meiosis. Sperm- 
egg fusion induces the release of calcium ions 
from the intracellular store of the oocyte, 
followed by Ca”* oscillations lasting for hours 
until pronucleus formation. The identities of 
the factors responsible for the initiation of 
oocyte activation are still unclear. Evidence 
supports the existence of a so-called sperm- 
associated oocyte activation factor (SOAF) 
contained in the perinuclear theca of the 
sperm head which has been identified as 
phospholipase C zeta (PLCC). Upon release 
into the ooplasm, PLCC stimulates Ca” 
release from the endoplasmic reticulum, which 


activates a protein kinase (CaMKII) that acts 
on, and induces degradation of, the inhibitor 
(Erpl) of a protein complex called APC/C“*” 
(anaphase-promoting  complex/cyclosome). 
This protein complex in turn induces the 
degradation of certain inhibitors responsible 
for the meiotic II arrest, so that the oocyte can 
enter anaphase. The subsequent extrusion or 
the second polar body is the evidence for the 
completion of this interrupted meiosis. 


Although during intracytoplasmic sperm 
injection (ICSI) the sperm-egg membrane 
fusion event is bypassed, oocyte activation can 
still occur. Nevertheless, there is a delay, 
owing to the slower release of PLCC from the 
perinuclear theca from the acrosome-intact 
injected spermatozoon. The delay in the 
breakdown of perinuclear theca and exposure 
of sperm chromatin also leads to delay in 
chromatin decondensation in ICSI compared 
with fertilization via sperm-egg fusion. 


Formation of the male pronucleus 


Within the testis, sperm chromatin is 
highly condensed and arginine-rich histones 
are replaced by even more highly charged, 
basic protamines during spermiogenesis, 
which fit into the spiral grooves of nucleic 
acid. Within a few hours of sperm-egg fusion, 
the sperm head swells as the disulphide bonds 
of the nucleoprotein protamine are reduced by 
glutathione in the egg cytoplasm and 
nucleoplasmin displaces the protamines, 
exchanging them for histones. After 
protamine-histone exchange and DNA 
demethylation, restrictions on the DNA 
template are removed, and the male 
pronucleus is generated, around which a 
membrane forms. Eventually the tail and 
paternal mitochondrial DNA is lost, as only 
maternal mitochondria supply the embryo. 


Entry of the spermatozoon has already led 
to oocyte activation, resulting in extrusion of 
the second polar body and formation of the 
female pronucleus, from its haploid 
chromosome complement. At the same time, 
the centromere from the fertilizing 
spermatozoon is activated, and this is 
responsible for organizing the microtubule 
spindles that pervade the fertilized egg, make 
contact with the female pronucleus and draw 
the male to the female pronucleus for the first 
mitotic division. Both pronuclei move together 
and the chromosomes condense during the 
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prophase of syngamy before breakdown of the 
nuclear membrane, at which time paternal and 
maternal sets of chromosomes become visible. 
These interact on the spindle during the first 
cleavage division. 


Early embryonic development 


After formation of the zygote, early 
cellular divisions occur in the oviduct. Gene 
expression becomes very rapid to enable a 
drastic increase in metabolism for pre- 
implantation development. After 2.5-3 days 
the developing zygote, still within the zona 
pellucida. enters the uterus where division 
continues to the morula stage (consisting of 
16 totipotent cells) and blastocyst (32-64 
cells). During oviductal transport both the 
uterus and embryo undergo morphological and 
biochemical changes: the uterus becomes 
receptive for blastocysts to survive (dependent 
on ovarian progesterone and estrogens) and 
the embryo develops to a form that is 
eventually dependent on the maternal 
circulation. Within the uterine cavity the 
blastocyst expands and becomes 
asymmetrical; the outer layer defining the 
future trophectoderm and the inner cells the 
inner cell mass. At a late cleavage stage, 
compaction of the blastocyst occurs, when it 
acquires gap and tight junctions and epithelial 
differentiation begins. The formation of an 
enveloping epithelium (trophectoderm) 
isolates the developing embryo from the 
external environment and directional ion 
transport by the trophectoderm leads to fluid 
secretion into the blastocyst cavity 
(blastocoele) and the creation of different ion 
concentrations inside the conceptus. 


Embryo implantation 


Implantation is a unique association of 
the embryo with the endometrium that is 
necessary for placentation (a haemochorial 
placenta forms). After 3 days free in the uterus 
(6-7 days after fertilization), the blastocyst 
comes in close apposition to the uterine 
epithelial cells and awaits a signal from it to 
initiate changes for implantation. In a pre- 
implantation phase the fertilized egg hatches 
from the zona pellucida. This is a necessary 
event for implantation that requires steroid- 
dependent lytic factors. The free blastocyst 
enters the endometrium on day 20-21 after 
fertilization and during implantation the 
unattached blastocyst becomes fixed in the 


uterus in an intimate relationship with the 
endometrium. During attachment/adhesion of 
the embryo to the endometrial wall, fibroblast- 
like cells of the uterine stroma are transformed 
into giant cells dependent on progesterone. 
Invasion of the uterine luminal epithelial cells, 
penetration of the basal lamina and eventual 
tapping of maternal blood vessels are 
synchronized by progesterone and estrogens. 


In-vitro assays to evaluate sperm-egg 
interaction 
Several in-vitro bioassays have been 


developed to test sperm-egg interaction. The 
ability of human spermatozoa to recognize and 
bind to the homologous ZP can be tested by 
the hemizona and intact-ZP assays, using 
oocytes that have failed to fertilize in IVF 
cycles, or have been retrieved from surgically 
removed ovaries or postmortem tissue. In the 
hemizona assay, oocytes are microbisected in 
equal halves; hemizonas are exposed to two 
different sperm populations (spermatozoa 
from patient and fertile control), and numbers 
of tightly bound cells in each hemizona are 
compared. The intact-ZP assay, known as the 
“sperm-ZP binding ratio test,” evaluates 
competitive binding of two differentially 
labeled sperm population to human oocytes. 
The ability of spermatozoa to bind to the ZP 
has been associated with sperm concentration, 
motility, normal morphology, and acrosomal 
integrity; moreover, the results of both ZP 
binding assays have been positively and 
significantly correlated with IVF outcome. 


Evaluation of the acrosomal status of 
human spermatozoa recovered after binding to 
native ZP has been proposed as a test to 
determine sperm ability to undergo 
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physiological AE; the acrosomal loss can also 
be induced by sperm exposure to solubilized 
ZP. Other physiological (hFF and 
progesterone) and pharmacological (calcium 
ionophore A23187 agents have been widely 
utilized to determine human sperm ability to 
undergo in-vitro AE. Different responses to 
these inducers have been obtained in 
spermatozoa from fertile men compared to 
those from subjects with abnormal semen 
parameters, and results have been highly 
correlated with fertilization rates in standard 
IVF. In over 25% of the patients with 
idiopathic male infertility, disordered ZP- 
induced AE has been identified. Interestingly, 
in some cases this pathology was not related to 
abnormal sperm-ZP binding, indicating that 
the evaluation of both sperm-ZP binding and 
ZP-induced AE would be required to assess 
human sperm function. 


The evaluation of the subfertile male 
should include a basic semen analysis, 
followed by bioassays aimed at assessing 
sperm functional competence. In men without 
noticeable defects in routine semen 
parameters, assessment of  sperm-egg 
interaction may help in the diagnosis of 
infertility Moreover, the results of these tests 
may allow the selection of the most appro- 
priate therapeutic procedure for each patient. 
As an example, spermatozoa from patients 
with disordered ZP-induced AE have shown 
a poor performance in standard IVF, but 
they were able to reach high fertilization and 
pregnancy rates after intracytoplasmic sperm 
injection (ICSI), demonstrating the 
effectiveness of the ICSI procedure as the 
optimal treatment in these cases. 


Section 8: Etiology of male infertility 


Chapter 41: Obstructive infertility 


Introduction 
Etiology and Pathogenesis 


Obstructions of the seminal ducts occur 
in the epididymis and the deferent and 
ejaculatory ducts. In addition to congenital 
aplasia of the deferent ducts and bilateral 
obstruction of the ejaculatory ducts and the 
rare Young syndrome, acute or chronic 
epididymitis or inflammations of the seminal 
vesicles and prostate gland can lead to 
obstruction (Table 41.1). Iatrogenic 
obstruction can be a complication arising 
from a herniotomy (particularly in 
childhood), from operations in the region of 
the ejaculatory ducts, and vasography of the 
seminal ducts with irritating contrast media. 
Sperm recovery from the epididymis (PESA 
Le. percutaneous epididymal sperm 
aspiration), more rarely MESA 
(microsurgical epididymal sperm aspiration) 
or inadvertently performed incisions or 
biopsies of the epididymis lead, in most 
cases, to an iatrogenic obstruction. Bilateral 
vasectomy can be regarded as an acquired 
obstruction of the seminal ducts. 


Recent investigations show that 
alterations in the region of the ejaculatory 
ducts can cause obstructions of the seminal 
ducts more frequently than formerly thought. 
Examples are utricular or intra-prostatic cysts, 
in which external pressure can lead to 
obstruction of the ejaculatory ducts or internal 
stenosis and cystic enlargements of the 
ejaculatory ducts. 


Table 41.1: Causes of obstruction in the seminal ducts. 


Clinical picture 


Complete bilateral obstruction of the 
seminal ducts leads to azoospermia and 
therefore to infertility. A unilateral 
obstruction can be compensated completely 
by the contralateral side, if this testis and 
seminal ducts are intact and thus may remain 
symptomless. Partial obstruction on both 
sides can lead, according to the degree of 
obstruction, to a significant deterioration of 
the ejaculate parameters with severe oligo 
(asthenoterato) zoospermia. 


If the obstruction is proximal to the 
ejaculatory ducts, the ejaculate volume 
generally remains normal, since the largest 
part of the seminal plasma originates from the 
seminal vesicles and prostate gland. A distal 
obstruction, however, leads to parvisemia 
(ejaculate volume < 2ml). 

Diagnosis 

Obstructive azoospermia is the principal 
differential diagnosis of normal testicular 
volume, normal FSH in combination with 
azoospermia. Thickening and induration of 
the epididymis. and aplasia or hypoplasia of 
the vas deferens can be detected by palpation. 
Ultrasonography of the scrotal content allows 
direct imaging of cystic alterations of the 
epididymis which must be considered as 
causes of the obstruction, while changes in the 
region of the prostate gland and seminal 
vesicles (infectious alterations, anomalies, 
cysts in the area of the ejaculatory ducts) are 
detected by transrectal ultrasonography. 


Epididymis 
e Acute or chronic epididymitis (past or present) 
e (Accidental) Incision or biopsy of the epididymis 


e PESA (percutaneous epididymal sperm aspiration), MESA (microsurgical epididymal sperm aspiration) 


Vas Deferens 


e Aplasia/hypoplasia of the vas deferens and distal epididymis 


e Vasectomy 
e Vasography with irritant contrast media 


e Herniotomy with accidental ligation of the vas deferens 


Ejaculatory duct 


e Congenital cysts (utricular cysts). prostatic cysts, cysts of the seminal vesicles 


e Infection 
¢ Trauma 
e Postoperative 


The most helpful variables for differential 
diagnosis of an obstruction are the marker 
substances for the epididymis (a- 
glucosidase), seminal vesicle (fructose) and 
prostate gland (zinc) in the seminal plasma. If 
a patient has a bilateral obstruction, marker 
substances secreted above the level of 
obstruction are not demonstrable in the 
ejaculate, while the levels of the markers 
secreted by organs distal to the obstruction are 
normal. Differential diagnosis can be difficult 
if the obstruction is unilateral or only partial. It 
is controversial whether a bilateral testicular 
biopsy for the evaluation of spermatogenesis 
should be obligatory for the evaluation of 
spermatogenesis before microsurgical re- 
anastomosis. It should, however, be performed 
when spermatogenetic arrest is suspected 
which may occur in the presence of normal 
testicular volume and normal FSH values; if 
this suspicion is confirmed by biopsy it spares 
the patient unnecessary reconstructive surgery. 


Therapy 


In patients with an obstruction of the 
seminal ducts and in the presence of probable 
or histologically confirmed at least 
qualitatively normal spermatogenesis, a vaso- 
epididymostomy (epididymal obstruction) or a 
vasovasostomy (e.g., after vasectomy) can be 
performed. The success of the operation as 
regards patency of the seminal ducts is 
dependent on the primary cause of obstruction, 
its duration and the surgical technique 
employed. In obstructive azoospermia and 
possible re-anastomosis microsurgical 
techniques are superior to techniques of 
assisted reproduction regarding  long-ten 
pregnancy rates and costs and should be 
applied on first instance. The patient must be 
informed, however, that even if patency is re- 
established, fertility can remain reduced 
because of anti-sperm antibodies, and that a 
secondary obstruction can occur. 


In principle, microsurgical techniques 
should be used for  epididymo- or 
vasovasostomy because of higher patency 
rates. Preferably they should be performed in 
specialized centers, as the success rate clearly 
rises with the number of microsurgical opera- 
tions per year performed by one operating 
team. 


Transurethral resection of obstructed 
ejaculatory ducts and cysts can lead to 
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significant improvements in 


parameters and pregnancy rates. 


ejaculate 


If patency of the seminal ducts cannot be 
achieved, or microsurgery is indicated because 
of the anatomical conditions, direct 
microsurgical sperm aspiration from the 
epididymis (MESA) or sperm extraction from 
the testis (TESE) in combination with assisted 
fertilization (ICSI: intracytoplasmic sperm 
injection) can be offered to the couple. Here, 
spermatozoa aspirated from the epididymis 
should, in parallel, be cryopreserved for a 
possible second ICSI attempt or if another 
pregnancy is desired in the future. Because of 
variability of anatomical structures, increased 
trauma and inferior efficacy, fine needle 
biopsy or percutaneous sperm aspiration from 
the testis or epididymis should not be applied 
for sperm recovery. 


Cystic Fibrosis 
Etiology and Pathogenesis 


Cystic fibrosis (CF) is one of the most 
common autosomal recessive disorders in 
Caucasian populations, where it affects 
approximately one in 2,500 children. 


Mutations in the CFTR gene are the basic 
cause of cystic fibrosis. The acronym CFTR is 
derived from “cystic fibrosis transmembrane 
conductance regulator’, a name that points to 
the function of the CFTR protein as a 
membrane-bound ion channel. 


Clinical Picture and Diagnosis 


The CFTR protein is strongly expressed in 
the airway epithelia, where it acts as a 
regulator of electrolyte transport. If the protein 
is deficient or dysfunctional because of a 
mutation, the bronchial secretions become 
abnormally viscous. Obstruction and bacterial 
colonization of the airways ensue, and 
progressive impairment of lung function and 
right ventricular failure develop as secondary 
complications. The pulmonary disease process 
usually determines the long-term course of 
cystic fibrosis. 85% of the patients have 
pancreatic insufficiency. 


An increased sweat chloride 
concentration is the laboratory hallmark of 
cystic fibrosis. A sweat chloride concentration 
of more than 60mmol/I is diagnostic of CF. 


Obstructive azoospermia is found in 


more than 95% of all men affected with CF. 
Most have a bilateral congenital occlusion of 
the proximal vas deferens or the epididymis. 


In typical cases the intrascrotal portion of 
the vas is either totally absent or reduced to a 
cordlike structure without a lumen. Mostly, 
the epididymal corpus and cauda are hypo- 
or aplastic. The head of the epididymis, not a 
derivative of the Wolffian ducts, is usually 
preserved and markedly dilated. Most men 


with CF have an intact testicular 
parenchyma, but nonspecific histological 
abnormalities are occasionally observed. 


These probably result from the long-term 
obstruction of the seminal ducts or the poor 
general health of these men. Sonography of 
the testes sometimes shows calcifications, 
cystic or hypoechogenic areas. Aplasia of the 
vas deferens and epididymis is typically 
associated with abnormalities of the seminal 
vesicles, the latter being quite variable from 
patient to patient. Aplasia or hypoplasia, 
obstruction, dilatation and cystic degeneration 
may be observed. The seminal vesicle 
anomalies explain the almost universal finding 
of a subnormal ejaculate volume. 


A small minority of male CF patients have 
normal or only gradually impaired fertility. 
They tend to have a generally milder course of 
the disease. Pancreatic function is often 
preserved, and the destruction of lung tissue 
proceeds at a slower pace than usual. 


The diagnostic work-up of men with CF 
does not principally deviate from the standard 
procedures employed for other forms of 
obstructive azoospermia. Measurement of 
ejaculate volume, pH, and fructose and Q- 
glucosidase concentrations (or other markers 
of seminal vesicle and epididymal function) is 
of particular importance. The vas deferens and 
epididymal malformations may be diagnosable 
by scrotal palpation, but this is not universally 
the case. The ampullary vas deferens, the 
ejaculatory ducts and the seminal vesicles can 
be visualized by transrectal ultrasound. If 
treatment by assisted reproduction is 
considered, the integrity of spermatogenesis 
should be checked by testicular biopsy. This is 
not only of value for histology, but at the same 
time sperm can be extracted and 
cryopreserved. In fact, this therapeutic aspect 
is now a major reason for performing 
testicular biopsy. 
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Therapy 


As cystic fibrosis is an autosomal 
recessive disorder, it can recur in the offspring 
of CF patients only when the partner is also 
affected or heterozygous. While the former 
should be rare, asymptomatic carrier-ship for 
CF is common in Caucasian populations. The 
heterozygote frequency ranges around 4-5%. 
For this reason, CFTR gene mutation analysis 
for the female partners of male cystic fibrosis 
patients is essential. If routine testing in the 
partner does not reveal a mutation and her 
family history is negative for cystic fibrosis, 
the residual risk for CF in offspring of the 
couple is only about 0.5%. The probability of 
such recurrence can be modified by 
sequencing the CFTR gene in the woman. On 
the other hand, the risk may be up to 50% if 
the partner tests positive for a CFTR mutation. 


Infertile couples in whom one of the 
partners is affected with CF should undergo 
genetic counselling prior to initiation of 
treatment. This also provides an opportunity to 
discuss the options of prenatal diagnosis. If an 
infertile couple desires treatment despite a 
significant recurrence risk for CF, this can be 
accepted as an autonomous decision. 


In azoospermic patients with CE, surgical 
reconstruction of the seminal ducts is 
impossible. Assisted reproduction therefore 
represents the only workable option for these 
patients to have biological children. With 
microsurgical techniques, spermatozoa can be 
retrieved from the epididymis or directly from 
the testicular parenchyma (MESA or TESE), 
for subsequent intracytoplasmic sperm 
injection (ICSI). Conventional IVF is not 
advisable because of poor pregnancy rates. 


Congenital absence of the vas 
deferens 


Etiology and Pathogenesis 


CBAVD is found in 1% of infertile males 
and in up to 6% of those with obstructive 
azoospermia. CBAVD has two genetic 
etiologies: one involves mutations in the same 
genes that underlie cystic fibrosis and the 
second involves unknown genetic mechanisms 
controlling mesonephric duct differentiation. 
Physical examination reveals normal testis 
size and consistency, as spermatogenesis is 
unaffected. The caput epididymidis, made up 


of the efferent ductules is always present and 
will be full and firm, as it is distended with 
fluid from the testis. The corpus and cauda are 
occasionally found as well. The vasa are 
absent bilaterally to palpation. Since the 
seminal vesicles are typically absent or 
atrophic, although occasionally large and 
cystic, the ejaculate consists only of prostatic 
fluid and is thin, watery, of low volume 
(0.6mL), and low pH (6.5). The seminal 


vesicle anomalies can be imaged by 
transrectal ultrasound. For men with 
CBAVD, pulmonary and pancreatic 


functions are fine. 


A valid rule of thumb is that patients with 


full-blown CF carry two severe CFTR 
mutations. In contrast, the most common 
genotypes of men with CBAVD are 


heterozygosity for a severe and a mild 
mutation or a severe mutation and a ST allele. 
An intensified molecular screen of the CFTR 
gene reveals two mutations or one mutation 
plus a ST allele in 75% of men with CBAVD, 
a single mutation or 5T allele in another 10%, 
and no mutation or 5T allele in 15%. 


As indicated by molecular family studies 
and clinical analysis, 15% of CBAVD cases 
are not due to CFTR gene mutation (isolated 
anomaly). Males with CFTR-mutation-based 
CBAVD have normal renal anomaly. Notably, 
in patients with CBAVD and concomitant 
renal anomalies (unilateral aplasia. ectopy, 
horses kidney) the risk of CFTR mutations is 
not increased and they have isolated anomaly. 
This is also true for men with CBAVD and 
normal ultrasound anatomy of the seminal 
vesicles and ampullary vas deferens. 
Obviously, congenital bilateral absence of the 
vas is an etiologically heterogeneous 
condition. 


At week 7 of gestation the mesonephric 
duct splits into its 2 derivatives. The 
reproductive ductal portion will give rise to 
the distal two-thirds of the epididymis, the 
entire vas deferens (convoluted, straight and 
ampullary segments), the seminal vesicle, and 
the ejaculatory duct. The caput epididymidis 
derives from the degenerating mesonephros. 
The urinary portion will give rise to the 
kidney, collecting system, and ureter. If an 
isolated insult occurs to one of the developing 
mesonephric duct prior to week 7 of gestation, 
the kidney and reproductive structures may be 
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absent on that side, but the contralateral 
anatomy should be normal. If, however, there 
is a genetic anomaly that comprises 
mesonephric duct differentiation, both sides 
may be affected. At its most severe form this 
leads to bilateral renal agenesis. In a less 
severe form, unilateral renal agenesis and 
bilateral reproductive duct agenesis may occur 
leading to CBAVD. This anomaly occurs in 
patients without CFTR mutations. 


Clinical Picture and Diagnosis 


The anatomical abnormalities of the 
genital tract and the ejaculate parameters are 
similar in CBAVD and cystic fibrosis. 
Azoospermic men carrying a CFTR mutation 
have a significantly lower volume, pH and 
fructose concentration of the ejaculate than 
fertile men or azoospermic patients without a 
detectable mutation. 


Urinary tract anomalies have an 
increased prevalence in men with CBAVD 
and point to the disease variant not associated 
with CFTR mutations. A renal ultrasound 
should be performed routinely for all men with 
CBAVD. 


Every second patient with CBAVD 
reports symptoms indicative of mild upper 
airway disease. Recurrent bronchitis and 
sinusitis is quite typical, as is a history of 
pneumonia in infancy or childhood. 
Importantly, a progressive worsening of the 
bronchopulmonary symptoms does not occur. 
Occasionally signs and symptoms of 
maldigestion are reported, which may be due 
to mild pancreatic dysfunction. Some patients 
have somewhat elevated liver enzymes. The 
sweat chloride concentration may exceed the 
upper normal limit of 60mmol/I, but this is not 
the rule. 


Therapy 


As in cystic fibrosis, assisted reproduction 
for patients with CBAVD should be preceded 
by genetic counselling. CFTR mutation 
analysis in the female partner is of utmost 
importance. The risk for CF in children of the 
couple depends on how many CFTR 
mutations can be excluded. If a mutation is 
found in the female partner the risk for cystic 
fibrosis in any child of the couple may amount 
to 25-50%. In this event, depending on the 
type of mutation, the risk of cystic fibrosis and 
CBAVD must be weighed. 


Sperm retrieval through MESA or TESE 
and subsequent ICSI is now the standard 
therapeutic approach to male infertility due 
to CBAVD. The pregnancy rates are not 
notably affected by the presence of a CFTR 
mutation. 


Unilateral Absence of the Vas Deferens 


Congenital unilateral absence of the vas 
deferens (CUAVD) is compatible with normal 
fertility, and probably many cases never come 
to clinical attention. The diagnosis may be 
made accidentally on occasion of a vasectomy. 
However, unilateral vas deferens aplasia is 
occasionally found in men with abnormal 
semen parameters or even azoospermia. 


Many patients with CUAVD have a 
contralateral obstruction of the seminal ducts 
at a more distal level. Most patients from this 
particular group (azoospermia, unilateral vas 
deferens aplasia, more distal contralateral 
obstruction) carry mutations of the CFTR 
gene. In contrast, such mutations are rare 
among men with CUAVD who have a patent 
seminal duct on the other side. Similar to 
CBAVD, unilateral vas deferens aplasia is 
sometimes accompanied by urinary tract 
anomalies, most notably unilateral renal 
agenesis These patients usually have no 
increased risk for mutations in the CFTR gene. 


Bilateral obstruction of the 
ejaculatory ducts 


Introduction 


Men with ejaculatory duct obstruction 
will have palpable vasa and normal testes on 
examination and normal hormonal 
evaluation. Semen analyses will vary, but will 
typically reveal low volume and azoospermia, 
or low concentration and/or motility, and 
sometimes necrospermia. Partial ejaculatory 
duct obstruction has been accepted as a 
clinical entity. The ejaculatory ducts may be 
obstructed by either congenital or acquired 
causes in 1-5% of infertile males. 
Historically, obstruction has been evaluated 
by confirming normal spermatogenesis with 
testicular biopsy and then identifying the site 
of obstruction with vasography. Today, 
transrectal ultrasound (TRUS) is used to 
detect obstructing lesions and provide 
evidence of obstruction of the ejaculatory 
ducts in a noninvasive manner. 
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Embryology, anatomy, and physiology 


In the male the mesonephric duct 
continues to develop into the epididymis, vas 
deferens, seminal vesicle, and ejaculatory 
duct. 


The ejaculatory ducts are typically 
between 1 and 2cm long and enter the prostate 
at its base, coursing anteriorly and medially to 
reach the verumontanum. The ejaculatory 
ducts are contiguous with the seminal vesicles, 
which are joined at the origin of the ducts by 
the ampulla of the vas deferens. 


During emission the sympathetic nervous 
system mediates contraction of the vas 
deferens and seminal vesicles, with resultant 
emission of seminal fluid through the 
ejaculatory ducts and into the prostatic urethra. 
In normal ejaculation, the simultaneous 
closing of the bladder neck prevents 
retrograde ejaculation. Bladder neck closure is 
also controlled by sympathetic outflow. 


Etiology 


Causes of ejaculatory duct obstruction 
may be either congenital or acquired. 
Acquired causes include infections (sexually 
transmitted diseases, prostatic abscess, 

prostatitis, tuberculosis), tumors, 
ejaculatory duct calculi, and urethral 
catheterization, as well as iatrogenic trauma 
secondary to pediatric rectal surgery and 
transurethral procedures. Congenital 
ejaculatory duct obstruction results from 
anomalies such as utricular, Miillerian, and 
Wolffian duct cysts, as well as congenital 
atresia or stenosis of the ejaculatory ducts. 


Some unexplained cases of congenital 
ejaculatory duct obstruction might have 
genetic causes, because CFTR gene 


mutations found in some of these patients 
may represent a minor variant of cystic 
fibrosis. 


Evaluation and diagnosis 


The most common complaint in men 
presenting with ejaculatory duct obstruction is 
infertility. Other than infertility. men with 
ejaculatory duct obstruction may present with 
a variety of symptoms. In one study, patients 
were found to have hematospermia, perineal 
pain and painful ejaculation. Other symptoms 
occasionally associated with ejaculatory duct 
obstruction are pain radiating into testis, 
difficulties with bowel habits and tenesmus, 


change in the volume of ejaculate, and lower 
urinary symptoms consistent with bladder 
outlet obstruction. Patients presenting for 
evaluation of azoospermia may have a history 
of urinary tract infection, penile discharge, 
urethra trauma or manipulation or decreasing 
ejaculate force or volume. 


Physical examination of men with 
ejaculatory duct obstruction in most cases is 
unremarkable. A routine hormonal profile is 
obtained to evaluate azoospermia or 
oligospermia, which in the case of ejaculatory 
duct obstruction usually reveals normal FSH, 
LH and testosterone, thus suggesting normal 
spermatogenesis. 


Ejaculatory duct obstruction may be 
complete or partial, and men with partial 
obstruction will have varied presentations. The 
largest portion of the ejaculate is produced by 
the seminal vesicles and when the ejaculatory 
ducts are obstructed the semen lacks those 
secretions. Therefore, semen analyses in cases 
of complete ejaculatory duct obstruction will 
reveal low-volume (<1 mL) azoospermia, and 
the ejaculate frequently will be watery and 
acidic (pH < 7). Absence of fructose in the 
semen is consistent with obstruction and lack 
of contribution of fluid from the seminal 
vesicles but is not always found in cases of 


ejaculatory obstruction. The differential 
diagnosis of complete ejaculatory duct 
obstruction should include congenital 


bilateral absence of the vas deference, failure 
of emission, and retrograde ejaculation. 
Congenital bilateral absence of the vas 
deferens can be diagnosed with physical 
examination; postejaculatory urinalysis can 
rule out retrograde ejaculation, and failure of 
emission frequently may represent 
neurological causes. In cases of partial 
ejaculatory duct obstruction, semen 
parameters may vary, with the most frequent 
findings being low semen volume, 
oligospermia, or azoospermia, poor or absent 
sperm motility. 


The next step in the evaluation should 
include imaging modalities. Historically, 
vasography through a partial-thickness 
vasotomy was performed in the scrotal portion 
of the vas deferens. 


Vasal fluid obtained from vasotomy is 
examined microscopically. Presence of a 
significant amount of sperm confirms that 
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spermatogenesis is present and proximal 
excurrent duct are patent. Contrast medium 
injected into the abdominal portion of the vas 
deferens will either efflux into the bladder 
(indicating no obstruction) or fill dilated 
obstructed seminal vesicles. 


Contemporary evaluation and 
management of ejaculatory duct obstruction 
has been greatly simplified and streamlined by 
the use of high resolution transrectal 
ultrasound. This has the advantage of being 
less invasive and less expensive than vasog- 
raphy. The ultrasonographic diagnosis of 
ejaculatory duct obstruction is based upon 
the finding of dilation of the seminal vesicles 
and abnormalities in the region of the 
ejaculatory ducts. Some additional findings 
include ejaculatory duct cysts, Miillerian duct 
remnants, and seminal vesicle or ejaculatory 
duct calculi. Chronic obstruction of the 
ejaculatory ducts should, over time, produce 
dilation of the seminal vesicles and vasa. The 
size of the seminal vesicle on the ultrasound is 
determined by measuring its anteroposterior 
diameter. The normal size is thought to be up 
to 1.5cm. Thus, ejaculatory duct obstruction 
should be suspected in men with seminal 
vesicle anteroposterior dimension greater than 
1.5cm. Ejaculatory duct dilation (> 1.2mm) 
may also be visualized by transrectal ultra- 
sound in some cases of ejaculatory duct 
obstruction. If the seminal vesicles are not 
dilated but the index of suspicion remains high 
for ejaculatory duct obstruction, seminal 
vesicle aspiration might bring additional 
diagnostic value. The finding of numerous 
sperm within the seminal vesicles of an 
azoospermic patient is suggestive of 
ejaculatory duct obstruction. At the same time 
seminal vesiculography can be performed by 
injecting contrast medium into the seminal 
vesicles and obtaining dynamic images. In 
cases of ejaculatory duct obstruction, contrast 
fills the vasa retrograde and a vasogram is 
obtained. When there is no ejaculatory duct 
obstruction, contrast effluxes into the urethra 
through the ejaculatory ducts. Using the same 
transrectal access and ultrasound guiding 
technology, chromotubation may be done. 
Chromotubation is performed by injecting 
indigo carmine or diluted methylene blue into 
one seminal vesicle at a time in an antegrade 
fashion. Direct cystoscopic examination of the 
verumontanum and ejaculatory duct orifices 


follows the injection. Failure to visualize 
efflux of blue dye is usually thought to be 
suspicious for ejaculatory duct obstruction. 


Management of ejaculatory duct obstruction 


As with many other causes of male-factor 
infertility, there are multiple treatment options 
for infertile couples in whom the male partner 
has ejaculatory duct obstruction. To obtain 
improved chances at natural conception, men 
with ejaculatory duct obstruction may undergo 
transurethral resection of the ejaculatory 
ducts. For men with partial ejaculatory duct 
obstruction and motile sperm in the 
ejaculate, intrauterine insemination (IUI) or 
in-vitro fertilization (IVF) with or without 
intracytoplasmic sperm injection (ICSI) are 
treatment options, depending on individual 
semen parameters. For men who are 
azoospermic and suffer from ejaculatory duct 
obstruction, epididymal or testicular sperm 
extraction in conjunction with IVF/ICSI is an 
option to attain a pregnancy. 


Overall, with TURED, approximately 50- 
90% of patients will experience improvement 
of semen parameters, and 9-43% of men will 
attain a natural pregnancy. TURED has an 
overall complication rate of 20%. Stricturing 
of the resected ejaculatory ducts may represent 
the most significant complication in regard to 
fertility, and may occur immediately or in a 
delayed fashion. 


Young Syndrome 
Etiology and Pathogenesis 


The combined occurrence of obstructive 
azoospermia and chronic — sino-bronchial 
disease is the hallmark of Young syndrome. 
Although there may be similarities in 
presentation, it is clinically and etiologically 
distinct both from CF and congenital absence 
of the vas deferens. 


Azoospermia in Young syndrome is 
caused by an obstruction in the middle 
segment in the epididymis, the lumen being 
occluded at this level by an amorphous mass. 
Several patients have been reported to have 
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fathered children before the diagnosis was 
made. This makes it likely that the occlusion 
develops over time in a primarily unobstructed 
epididymis, perhaps through  inspissated 
secretions. Young syndrome is notable for the 
absence of structural abnormalities of the vas 
deferens, epididymis, and seminal vesicles. 
Volume and fructose content of the ejaculate 
are normal, another feature distinguishing this 
condition from CF and CBAVD. Testicular 
palpation, biopsy. and measurement of FSH 
and the other reproductive hormones usually 
yield normal results. 


Clinical Picture and Diagnosis 


Patients affected with Young syndrome 
have a characteristic history of coughing, 
sputum production, and recurrent sino- 
bronchitis since early infancy. These problems 
usually improve during adolescence. 
Bronchiectases are a frequent finding, but 
lung involvement does not progress as in CF. 
Pulmonary function tests may reveal some 
minor abnormalities. Pancreatic function as 
sweat chloride levels are normal; again in 
contrast to CF. 


Four syndromes are associated with 
chronic sinopulmonary infections (recurrent 
bronchitis, bronchiectasis, chronic sinusitis 
and/or otitis media) and male infertility. Three 
syndromes are characterized by obstructive 
azoospermia (CF, CBAVD due to CFTR 
mutations, and Young syndrome), while the 
fourth is Kartagener syndrome (a combination 
of the immotile cilia syndrome, chronic 
sinopulmonary infection, and situs inversus). 
The immotile cilia syndrome is characterized 
by normal excurrent ductular system and 
sperm output but sperms are immotile due to 
defect in axonemal function. 


Therapy 


Sperm retrieval from the epididymis or 
testis by means of MESA or TESE and 
subsequent ICSI are the therapeutic options of 
choice for patients who which to have 
children. 


Section 8: Etiology of male infertility 


Chapter 42: Genetic infertility 


Introduction 
Genetic disorders causing infertility are illustrated in table 42.1. 


Table 42.1: Genetic disorders causing male infertility. 


Disorders of chromosomes 
Numerical chromosomal anomalies 
47,XXY (Klinefelter's syndrome and variants) 
XX male 
XYY male 
Structural chromosomal anomalies 
Y chromosome microdeletions 
Disorders of genes 
46,XY disorders of sexual development (DSD) 
Disorders of androgen synthesis 
Leydig cell hypoplasia, aplasia 
3B-hydroxylase / 17,20-lyase deficiency 
17B-hydroxy-steroid dehydrogenase deficiency 
3B-hydroxy-steroid dehydrogenase deficiency 
5-a reductase deficiency 
Disorders of androgen action 
Androgen insensitivity syndrome (AR mutation) 
Other androgen disorders 
Persistent Miillerian duct syndrome 
Cryptorchidism 
Isolated hypospadias 
Disorders of extra-testicular ductal system 
Cystic fibrosis 
CBAVD due to CFTR mutation 
Young syndrome 
Disorders of the HPG axis 
Kallmann's syndrome and variants 
Isolated FSH deficiency 
Isolated LH deficiency 
Structural sperm defects 
Globozoospermia 


Primary ciliary dyskinesia 
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Disorders of chromosomes 
Numerical chromosomal anomalies 
Klinefelter's syndrome 


Klinefelter's syndrome (KS) is a disorder 
in men characterized by small firm testes, 
varying degrees of impaired sexual 
maturation, azoospermia. gynecomastia, and 
elevated levels of gonadotropins. The 
fundamental defect is presence of an extra X 
chromosome in a male. The common 
karyotype is either a 47,XXY chromosomal 
pattern (the classic form) or 46,XY/47,XXY 
(the mosaic form). This syndrome is the 
commonest abnormality of sexual 
differentiation with an incidence of 1 in every 
500 males and it accounts for 10% of cases of 
non-obstructive azoospermia. These patients 
seek medical advice because of delayed 
puberty, infertility, impotence, or 
gynecomastia. The main features of the classic 
and mosaic forms of Klinefelter’s syndrome 
are presented in table 42.2. 


Clinical features 


Before puberty, Klinefelter’s syndrome 
can be clinically suspected only from the 
patients’ lack of intelligence. However, the 
diagnosis can be confirmed at any age by a 
positive sex chromatin finding, or 
karyotyping. The prepubertal testis has a 
normal infantile size of 2 ml and is of normal 
consistency. At puberty the testis undergoes 
pathologic changes, fails to increase in size 
and becomes firm in consistency. This is due 
to progressive fibrosis and hyalinization of the 
seminiferous tubules which ordinarily make 
up to 85% of the volume of the normal testis. 
Damage to the seminiferous tubules and 


azoospermia are consistent features of the 
classic syndrome. The small firm atrophic 
testes are caused by extensive fibrosis and 
sclerosis and are characteristically less than 2 
cm and are always less than 3.5 cm in length 
(corresponding to 2 ml and 12 ml volume, 
respectively). 


The onset of puberty and semen 
production may be delayed and these boys 
may need testosterone supplementation to 
attain puberty. In adulthood, the clinical 
features can vary between severe 
eunuchoidism and a completely normal virile 
appearance. The prostate is of normal size or 
slightly reduced. The sexual function is 
usually normal during early adulthood but 
decreases gradually, starting during the fourth 
decade. 


Patients with Klinefelter’s syndrome, 
despite androgen deficiency and unlike other 
diseases showing eunuchoidism resulting from 
hypo-androgenicity, have excessive long-bone 
growth but no true eunuchoid habitus. The 
increased height is due to increased lower 
body segment and the linear growth of long 
bones in the lower extremities is greater than it 
is in the upper extremities. This results in a 
span-height ratio of I or less (greater than 1 in 
eunuchoid habitus). In patients with true 
eunuchoid habitus the long bones of upper and 
lower limbs grow in a comparable fashion. 
The basis for the skeletal changes in 
Klinefelter’s syndrome may be related to an 
abnormal sex chromosome constitution in the 
osseous tissue. 


Gynecomastia appears during puberty, is 
generally bilateral and painless, and may 
progress to become disfiguring. 


Table 42.2: Characteristics of patients with classic versus mosaic Klinefelter ’s syndrome. 


Criterion 47,XXY (%) 46, XY/47XXY (% ) 
Abnormal testicular histology 100 94 
Decreased length of testis 99 73 
Azoospermia 93 50 
Decreased testosterone 79 33 
Decreased facial hair 77 64 
Increased gonadotropins 75 33 
Decreased sexual function 68 56 
Gynecomastia 55 33 
Decreased axillary hair 49 46 
Decreased length of penis 41 21 
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Klinefelter’s syndrome is characterized by 
increased incidence of some diseases which 
occur in some patients and include obesity, 


hypothyroidism, mild mental deficiency, 
varicose veins, diabetes mellitus, breast 
carcinoma, non-Hodgkin's lymphoma, 


mediastinal germ cell tumors, and testicular 
germ cell tumors. Cancer breast occurs 70 
times more frequently than in normal males 
and about as frequently as in women. 


The mosaic form of the syndrome 
composes about 10% of the patients and is less 
severe than the classic form (Table 42.2). The 
testes may be normal in size, the endocrine 


abnormalities are less severe, and 
gynecomastia and azoospermia are less 
common. Indeed, some patients with 


mosaicism may be fertile. 


Approximately 30 additional karyotypic 
varieties of the Klinefelter’s syndrome have 
been described, including those with uniform 
cell lines (such as XXYY, XXXY, and 
XXXXY) and a variety of mosaicisms of the 
X chromosome with or without associated 
structural abnormalities of the X chromosome. 
In general, the greater the degree of 
chromosomal abnormality (and in mosaic 
forms the more cell lines that are abnormal), 
the more severe the manifestations. 


Pathogenesis 


With the development of techniques for 
analysis of sex chromatin and for 
chromosomal analysis it became evident that 
patients with Klinefelter’s syndrome have an 
extra X chromosome that is derived from 
nondisjunction of the meiotic chromosome of 
the ovum (XX + Y) or sperm (X + XY) during 
gametogenesis. The mosaic form results from 
chromosomal mitotic nondisjunction after 
fertilization of the zygote (cells with an XXY 
set of chromosomes in addition to cells with 
normal XY set). 


Laboratory diagnosis 


Chromosomal studies: A positive chromatin 
pattern is demonstrated by buccal smear. 
However, chromosomal analysis 
(Karyotyping) by tissue culture is the most 
accurate way of documenting the syndrome. 


Semen: Azoospermia is always present in the 
classic form. When androgen deficiency is 
severe, low semen volume and decreased 
fructose content are present. Patients with 
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XXY/XY mosaicisim may have viable sperms 
in the ejaculate and fertility has been 
documented. 


Testicular biopsy: Shows 3 main features 


e Hyalinization of the seminiferous tubules. In 
the usual case, virtually all the tubules are 
severely hyalinized and acellular. 
Occasionally, in the mosaic form, some 
tubules have normal spermatogenesis with 
sperm. 


e Adenomatous clumping of the Leydig cells 
which tend to be less granular than normal and 
to contain less lipid. Clumping is due to 
marked reduction in seminiferous tubular size 
and a hyperplastic appearance of Leydig cells 
is not true since their total mass per testis is 
normal. 


e Special stains demonstrate the absence of 
elastic fibers in and around the thickened 
tunica propria. These elastic fibers normally 
appear during pubertal maturation. 


Hormones: Plasma FSH and LH are usually 
high. FSH is raised as a consequence of the 
damage to the seminiferous tubules. Plasma 
testosterone level is low or low-normal. 
However, free plasma testosterone level is 
subnormal due to elevated SHBG. Patients 
with Klinefelter’s syndrome have decreased 
Leydig cell reserve since HCG administration 
leads to a limited response. 


Plasma estradiol levels are elevated due to 
increased production in response to elevated 
LH, decreased metabolic clearance rate, and 
increased conversion of testosterone to 
estradiol. The imbalance of estradiol to 
testosterone appears to be responsible for the 
gynecomastia and the increased SHBG levels. 


The increase in plasma gonadotropins 
after the administration of LHRH is 
exaggerated, and the normal feedback inhibi- 
tion of testosterone on pituitary LH is 
diminished. Older patients with Klinefelter’s 
syndrome may have ‘reactive pituitary 
abnormalities” in the form of enlarged or 
abnormal sella tunica, presumably secondary 
to the persistent lack of gonadal feedback 
inhibition, and hypertrophy of gonadotropes in 
response to LHRH. 


Treatment 


Even though the patient shows no sperm in 
the ejaculate, testicular sperm extraction 


(TESE) may successfully find spermatozoa in 
up to 69% of KS men, which can be used in 
conjunction with ICSI to effect fertilization, 
embryo development, and term pregnancy. 
Many live births of 46,XY or 46,XX children 
have been reported. 


There are no widely agreed-upon clinical 
or laboratory findings that predict successful 
sperm retrieval, although pre-TESE testis 
volume and testosterone level may do so, as 
well as age less than 35. Cryopreserved 
sperm have been used successfully, but a 
combined approach of TESE coincident with 
an ICSI cycle (tissue harvesting either the day 
prior to or the morning of oocyte retrieval) is 
the preferred approach. Testosterone levels 
may decline after TESE is performed, 
especially in the first 3-6 months, but 
typically they rise to 95% of pre-TESE levels 
within 18 months. 


XYY syndrome 


This syndrome occurs in 0.1% of males. It 
is characterized by hypogonadism, tall stature, 
pustular acne, mental retardation, and 
antisocial behavior. Testicular function in 
terms of spermatogenesis may be normal, 
minimally impaired, or severely damaged. 
Histologically, there is no distinct pattern and 
the picture may be normal or show varying 
degrees of spermatogenic maturation arrest, 
complete germinal aplasia, or seminiferous 
tubular sclerosis similar to that of Klinefelter’s 
syndrome. Thus XYY men may be fertile or 
infertile with oligozoospermic or azoospermic 
semen. Plasma levels of testosterone, LH and 
FSH are normal. 


XX male syndrome (sex-reversal syndrome) 


The incidence of a 46, XX karyotype in 
males is approximately 1 in 20,000. Affected 
individuals are similar to classic Klinefelter’s 
syndrome in clinical features (small firm 
testes, gynecomastia, penis), infertility 
(azoospermia, hyalinization of seminiferous 
tubules, clumping of Leydig cells), and 
hormonal findings (testosterone, estradiol, 
gonadotropins). However, these patients differ 
from Klinefelter’s patients in that average 
height is less than in normal men, the 
incidence of mental deficiency is not 
increased, and the incidence of cryptorchidism 
is increased. Unlike some patients with KS or, 
XYY syndrome which may be fertile, patients 
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with 46,XX male syndrome are infertile and 
the 3 azoospermia factors (AZFa,b,c) are 
absent from the genome. 


Structural chromosomal anomalies: Y 


chromosome infertility 


The Y chromosome is comprised of a 
short arm (Yp) and a long arm (Yq). SRY is 
located on the short arm and is an essential 
member of the cascade of genes that 
ultimately determine the fate of the bipotential 
gonad. The long arm of the Y chromosome 
contains 3 distinct regions, the integrity of 
which is essential for normal spermatogenesis. 
The loss of one of these loci, designated as 
“azoospermia factors” (AZFa, AZFb, AZFc) 
and caused by spontaneous mutation in the 
paternal germ line, leads to severely disrupted 
fertility. The deleted regions are usually of 
submicroscopic dimensions and are known as 
Y chromosomal microdeletions. 


After more than 10 years of clinical 
research, it can be now concluded that: (1) Y 
deletions were not found in normo-spermic 
men and thus have a clear-cut cause-effect 
relationship with spermatogenic failure; (ii) 
the highest frequency is found in azoospermic 
men (8-12%) followed by oligo-spermic men 
(3-7%); (iii) deletions are extremely rare with 
a sperm concentration of spermatozoa >5 
million/mL (approximately 0.7%); (iv) the 
most frequently deleted region is AZFc 
(approximately 65-70%), followed by 
deletions of the AZFb and AZFb+c or 
AZFa+b+c regions (25-30%), whereas 
deletions of the AZFa region are extremely 
rare (5%); (v) the complete removal of the 
AZFa and AZFb regions are associated with 
severe testicular phenotype, Sertoli cell-only 
syndrome and spermatogenic arrest, 
respectively. The complete removal of the 
AZFc region causes a variable phenotype, 
which may range from azoospermia to 
oligozoospermia. TESE outcome is negative 
in AZFa and AZFb microdeletions but 
positive in 50% of cases of AZFc micro- 
deletion. 


Those Y deletions that are compatible 
with the presence of spermatozoa in the testis 
or in the ejaculate, are obligatory transmitted 
to the male offspring, therefore genetic 
counseling is mandatory. The extent of 
spermatogenic failure of the son may vary 
substantially, however, given the strict cause- 


effect relationship between AZF deletions and 
impaired spermatogenesis, normal 
spermatogenesis cannot be expected. 


This result indicates a potential risk for 
the offspring to develop 45,X0 Turner’s 
syndrome and other phenotypic anomalies 
associated with sex chromosome mosaicism, 
including ambiguous genitalia. 


Disorders of androgen synthesis 
Leydig cell hypoplasia 


Leydig cell hypoplasia or Leydig cell 
agenesis is a very rare disease with an 
approximate incidence of  1:1,000,000, 
occurring only in the male sex with a limited 
autosomal recessive inheritance. The name of 
the syndrome, Leydig cell agenesis, is 
misleading as Leydig cells are present but are 
unable to develop because of an inactivating 
mutation of the LH receptor which fails to 
provide the necessary stimulation. 


The phenotype is highly dependent on the 
extent of intrauterine testosterone secretion. 
Consequently either (1) a male phenotype with 
slight virilization and microphallus or (2) 
hypogonadism with delayed puberty or (3) a 
46,XY disturbance of sexual development 
(former male — pseudo-hermaphroditism) 
develops. Several inactivating mutations in the 
LH receptor gene have been described. 


The possible appearance of the external 
genitalia ranges from an unremarkable female 
phenotype to intersexual genitalia to a 
predominantly male habitus with 
microphallus. In the mostly mal-descended 
testes, seminiferous tubules can be found. 
Leydig cells are not present or appear only in 
immature preliminary stages. Epididymides 
and deferent ducts are usually present, leading 
to the conclusion that local intrauterine 
testosterone production was sufficient for the 
anlage of these organs. Uterus, tubes or upper 
vagina ate no found in these patients. 


In such cases basal hormone status, 
usually with normal FSH, elevated LH and 
low testosterone provides an initial diagnostic 
hint of the underlying defect. Depending on 
the type of LH receptor defect, hCG stimulates 
either no or a pronounced rise in testosterone. 
Diagnosis is confirmed by testicular biopsy 
showing Leydig cell hypoplasia or aplasia and 
by techniques of molecular biology revealing 
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mutations of the LH receptor gene. 


Differential diagnosis should especially 
differentiate the disease from other 46,XY 
disorders (formerly male pseudo- 
hermaphroditism) on the basis of testosterone 
synthesis defects, from the adreno-genital 
syndrome, from 5a-reductase deficiency and 
from androgen receptor defects. Early gender 
assignment with microsurgical support, is 
important. Depending on gender assignment, 
when the expected age of puberty is reached, 


lifelong substitution with estrogens or 
androgens must follow. 
Steroid biosynthetic pathways and 


metabolism deficiencies 


Deficiencies of 21a-hydroxylase or 11ß- 
hydroxylase (elevated 17OHP), 3B-hydroxy- 
steroid dehydrogenase [3B-HSD] (increased 
DHEA: andro ratio), 17a-hydroxylase 
(increased P: 17OHP ratio), 17,20 lyase 
(increased 17OHP: andro ratio), 17B-HSD 
(increased andro: T ratio), and 5a-reductase 
(increased T: DHT ratio) may be associated 
with cryptorchidism oor hypospadias. 
Congenital adrenal hyperplasia (CAH) 
accounts for about 80% of the masculinized 
females, and 90% of these result from a 21- 
hydroxylase deficiency. Less common causes 
of CAH include defects in 11B-hydroxylase, 
3B-HSD, and P450 aromatase. As a result of 
the deficiency, the androgenic steroid pre- 
cursors accumulate, and masculinization of the 
female occurs. CAH is a particular concern 
because of the possibility of salt-wasting and 
low glucocorticoid and mineralocorticoid 
levels. 


In 5a-reductase deficiency testosterone 
cannot be metabolized to dihydrotestosterone. 
Thus the testis is normally developed but the 
Wolffian duct derivatives are female as are the 
external genitalia. At puberty, the female 
undergoes a remarkable transformation to 
maleness with the high levels of androgen 
produced. 


Disorders of androgen action: 
Androgen insensitivity syndrome 


Androgen action 
reproduction 


is required for male 


A functioning androgen receptor is 
necessary for optimal development of the 
embryonic and fetal male genital tract, as 


well as for the regulation of testicular, 
epididymal, prostate, and seminal vesicle 
activity in the adult. Other targets of 
androgens include the muscle, skin, bone, 
and kidneys. In the adult, spermatogenesis 
requires testosterone acting through the AR 
in the Sertoli cell, which in turn mediates 
reduction division during germ cell meiosis. 
Androgens are also necessary for normal 
spermatid differentiation and play an 
important role in the epididymis, where 
spermatozoa acquire motility. Androgens 
maintain the differentiated function of the 
prostate and seminal vesicles, and their 
secretions. Without androgens and a 
functional receptor, the male will not be 
reproductively viable. 


Testosterone mediates normal male 


development 


Leydig cells in the fetal primordial gonad 
secrete testosterone, which acts to maintain the 
Wolffian duct structures. The Wolffian duct 
differentiates into the adult seminal vesicles, 
vasa deferentia, and the distal two-thirds of the 
epididymides. Testosterone also acts in the 
fetal Sertoli cell to induce the production of 
anti-Miillerian hormone (AMH), also known 
as Miillerian inhibiting substance (MIS). 
AMH/MIS is a peptide hormone that causes 
regression of Miillerian duct structures (the 
embryonic precursors of the fallopian tubes, 
uterus, and the upper two-thirds of the vagina 
in a female). 


AMH and testosterone prevent 
differentiation of the primordial gonad into 
an ovary. Testosterone mediates the second 
phase of testicular descent during fetal 
development. In short, testosterone acts to 
drive development towards phenotypic 
maleness. 


Testosterone is required for spermatogenesis 


Testosterone alone qualitatively (but not 
quantitatively) maintains spermatogenesis in 
the absence of gonadotropins. The action of 
testosterone on spermatogenesis is primarily 
mediated through the AR in the Sertoli cell, 
and to a lesser extent in the Leydig cell and 
the peritubular myoid cell (PM). Despite the 
absolute requirement for testosterone 
during spermatogenesis, the steroid does 
not act directly on the developing germ 
cells, suggesting that spermatogenesis 
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requires complex intercellular paracrine 
interactions. 
Androgen insensitivity in the human 
directly affects male reproductive 
development and function 

The three main clinical phenotypes 


resulting from androgen insensitivity are 
defined as complete, partial, and minimal 
androgen insensitivity (CAIS, PAIS, and 
MAIS). Kennedy syndrome, also known as X- 
linked spinal and bulbar muscular atrophy 
(SBMA), is a form of androgen insensitivity 
associated with aging, which results in 
reduced fertility. These diseases also include 
Reifenstein's syndrome, testicular feminization 


(male pseudo-hermaphroditism), Lub 
syndrome, and Rosewater syndrome. The 
androgen insensitivity syndromes are 


considered to represent disorders of sexual 
differentiation. Nevertheless, today physicians 
recognize that androgen resistance can be 
present in men who are under-virilized or 
interfile. 


Complete androgen insensitivity (CAIS) or 
testicular feminization 


Phenotypic female, genotypic 46,XY 
individuals who lack a functional AR display 
complete androgen insensitivity syndrome 
(CAIS). CAIS can result from AR gene 
deletion, but more commonly point mutations 
in the gene result in a loss of function of the 
protein. The CAIS individuals are 46,XY 
pseudohermaphrodites (genotypic males) 
displaying an unambiguously female 
appearance. Female external genitalia develop 
because, despite high circulating testosterone 
levels, the tissues are resistant to androgen 
action. Thus DHT-dependent masculinization 
of the external genital primordia is absent. 
Patients with CAIS have underdeveloped 
labia, a blind-ending vagina, and paucity at 
axillary or pubic hair. Because the labial or 
abdominal testes continue to produce AMH, 
the uterus, ovaries, and fallopian tubes are 
absent. CAIS occurs in about 2-5/100 000 
births, and these patients are sterile. 


Partial androgen insensitivity (PAIS): a 
broad spectrum of phenotypic and 
functional abnormalities 


The androgen receptor mutation in these 
patients impairs or changes the receptor 
function to varying degrees. Patients with 


PAIS exhibit a range of congenital 
genitourinary defects in combinations of 
varying severity including hypospadias. 
microphallus, cryptorchidism, gynecomastia, 
and infertility. At one extreme, the external 
genitalia resemble those associated with a 
nearly normal female phenotype, except for 
clitoromegaly and/or posterior labial fusion. 
At the other extreme, the genitalia may 
resemble those of a morphologically normal 
male but the scrotum or phallus may be small, 
or there may be simple coronal hypospadias or 
a prominent midline raphe of the scrotum. In 
some ways these patients can present 
significant clinical challenges because of their 
partial response to androgens. Infertility may 
result, due to the failure of normal male 
development. In the less severe cases early 
and continuous testosterone treatment can 
improve the chances of fertility. 


Minimal androgen insensitivity syndrome 
(MAIS): mild phenotypic abnor malities 


The phenotypic spectrum of deficiencies 
in MAIS, like those found in CAIS, varies 
markedly between patients. Infertility, 
azoospermia, micropenis or gynecomastia 
may be present. Some mutations vary AR 
function in a manner causing mild functional 
deficiencies that in some cases can be 
overcome with increased levels of androgen. 


X-linked spinal and bulbar 
atrophy (SBMA) 


muscular 


A gene polymorphism underlies Kennedy 
syndrome (SBMA). SBMA is a chronic, 
progressive neuromuscular disorder. 
Weakness of the proximal limb muscles, with 
atrophy and fasciculations, is characteristic. 


Bulbar signs may include perioral 
fasciculations, a nasal quality of voice, and 
recurrent aspiration. Partial androgen 


insensitivity is present, particularly with aging, 
with symptoms of gynecomastia, testicular 
atrophy, and decreased fertility. Because this 
is an adult-onset syndrome the patient may 
have been fertile and virile as a young man, 
but in middle age develop progressive 
evidence of insensitivity. The use of assisted 
reproductive technologies to overcome the 
infertility of Kennedy syndrome patients must 
be undertaken with care. Pre-implantation 
genetic diagnosis or other prenatal genetic 
diagnostic procedure is required to ensure that 
the offspring will not be affected. 
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Other androgen disorders 
Hypospadius 


Mis-regulated expressions of genes in the 
genital tubercle during development is thought 
to be involved in hypospadius. These include 
TGF- and the associated genes in this signal 
transduction pathways. Both the estrogen and 
androgen receptor keys are involved in some 
cases of hypospadius. 


Cryptorchidism 


There are 2 phases of testicular descent. 
The first phase occurs when the abdominal 
testis moves to the inguinal ring. The second 
phase is androgen dependent. The insulin-like 
3 hormone (relaxin-like factor) is the main 
testicular hormone that induces gubernacular 
development. Deficiency of INSL3 results in 
the testis and genital tract being freely mobile 
within the abdomen because there is no cranial 
or caudal attachment of the testis to the 
inguinal region. 


The second phase of testicular descent is 
androgen-regulated. In response to LH, 
testosterone regulates the involution of the 
suspensory ligament and is involved in the 
inguino-scrotal phase of descent. Not 
surprisingly, alteration in androgen sensitivity 
and the signaling pathway of the androgen 
receptor, as well as endocrine imbalance, can 
be associated with cryptorchidism. 


Persistent Müllerian duct syndrome 


AMH null males develop Müllerian duct 
derivatives, encompassing oviducts, a uterus 
and a vagina, in addition to a complete male 
reproductive system. In humans, deficiency of 
either AMH or its receptor function results in 
a hernia inguinalis and cryptorchidism due to 
the presence of the Müllerian derivative 
remnants that effectively block testicular 
descent during development. 


Genetic disorders of extra- 
testicular ductal system 


These include cystic fibrosis, most of 
cases of CBAVD and Young syndrome. See 
obstructive infertility. 


Defects of the hypothalamic- 
pituitary-gonadal axis 


The hypothalamic — pituitary - gonadal 
(HPG) axis controls human sexual maturation 


and spermatogenesis. Disruption of any step of 
this highly regulated endocrine pathway can 
severely impair male sexual development and 
fertility. Albeit relatively rare in the 
population, mutations, small deletions, or 
polymorphic expansions within the regulatory 


genes involved in the biosynthesis of 
hormones, growth factors, the androgen 
receptors, and their associated signal 


transduction pathways can profoundly affect 
male reproductive development and function. 
Consequently, the genetic defects of the HPG 
axis must be considered in the evaluation and 
treatment of male infertility. 


Hypogonadotropic hypogonadism 


Hypogonadotropic hypogonadism (HH) is 
characterized by a decreased output of GnRH 
and low circulating levels of FSH and LH, 
resulting in deficient androgen secretion and 
spermatogenesis in the testis. 


Kallmann syndrome 


The hypothalamus secretes gonadotropin- 
releasing hormone (GnRH) which regulates 
the production of FSH and LH by the pituitary 
gonadotropes. Kallmann syndrome results 
from a failure of the GnRH-releasing neurons 
to migrate to the olfactory lobe during 
development. There are X-linked, autosomal 
dominant, and autosomal recessive forms of 
HH that occur in approximately 1 in 10 000- 
60 000 live births. Kallmann syndrome 
represents the most common X-linked 
hypogonadotropic hypogonadism disorder in 
male infertility. A mutation in the X-linked 
KALI gene encoding anosmin 1, is the basis 
for the sex-linked form of the disease. Less 
commonly, structural chromosomal defects 
resulting in the loss of regions of the X 
chromosome may encompass the KALI gene 
and result in a genomic form of familial X- 
linked Kallmann syndrome. In contrast, one 
form of autosomal dominant HH results from 
mutations in the fibroblast growth factor 
receptor 1 gene (FGFR1 or KAL2). The 
phenotypes observed can vary widely even 
within a given family with the identical 
mutation. 


Not surprisingly, in patients with 
Kallmann syndrome puberty usually is 
delayed or does not occur. Because of the lack 
of GnRH, patients present with no serum 
gonadotropins, small, nonfunctioning testes, 
and a short penis. Although infertility may 
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represent the only phenotypic abnormality, 
anosmia may be present due to the 
developmental failure of the olfactory bulb. In 
some cases congenital deafness, asymmetry of 
the cranium and face, cleft palate, cerebellar, 
dysfunction, cryptorchidism, and renal 
abnormalities may be present. Hormone 
replacement is necessary, and spermatogenesis 
and subsequent fertility occur with 
coordinated gonadotropin stimulation. Despite 
oligospermia, with appropriate endocrine 
supplementation the majority of these patients 
can achieve fatherhood without the need for 
assisted reproduction. 


Other gene defects causing hypo- 
gonadotropic hypogonadism 
Daxl 


DAX1, an X-chromosome-linked gene, 
encodes an orphan member of the steroid 
receptor superfamily required for the 
development of the hypothalamus, pituitary, 
adrenal glands, and gonads. The protein also 


maintains the integrity of the testicular 
epithelium and spermatogenesis. DAX1 
mutations are associated with hypo- 


gonadotropic hypogonadism together with 
congenital adrenal hyperplasia, which may 
result in early infant death caused by an 
electrolyte imbalance. 


Gonadotropic-releasing hormone receptor 
(GnRHR) 

GNRHR, which encodes the 
gonadotropic-releasing hormone receptor 


located on pituitary gonadotropes, can be 
mutated in patients with hypogonadotropic 
hypogonadism. At least 21 different loss-of- 
function mutations have been identified in 
humans over the past 10 years. 


Nasal embryonic LHRH factor (NELF) 


NELF is a protein that guides the 
migration of the olfactory axon and the 
gonadotropin-releasing hormone neurons 
during development. Mutations in the gene 
encoding this protein are known but rare 
causes of hypogonadotropic hypogonadism. 


GPRS54 or kisspeptin 


GPRS4 is a G-protein-coupled member of 
the rhodopsin receptor family and kisspeptin 1 
is a known agonist for this receptor. 
Kisspeptin induces the secretion of the 
gonadotropins in a number of species and is 


thought to act on the GnRH neurons of the 
hypothalamus. Loss-of-function mutations of 
GPRS54 were identified in several patients with 
idiopathic hypogonadotropic hypogonadism, 
albeit rarely. Conversely, an activating 
mutation was identified in a girl with 
precocious-puberty. This pathway plays an 
important role in the regulation of both 
puberty and the maintenance of reproductive 
function. 


Convertase I 


Convertase 1, an endo-peptidase encoded 
by the PC1 gene, is involved in GnRH 
secretion and the release of the precursor of 
GnRH by the hypothalamus. This gene is 
involved in the post-translational processing of 
pro-hormones and neuropeptides. Mutation in 
PCI is associated with hypogonadotropic 
hypogonadism with obesity and diabetes. 


Prader-Willi syndrome 


Prader-Willi syndrome is one of the 
leading genetic causes of obesity. Excessive 
appetite is characteristic. Prader-Willi, which 
can be associated with mild or moderate 
mental retardation and infantile hypotonia, can 
also present with hypogonadotropic 
hypogonadism. Sexual development is 
impaired or retarded, and testicular dysgenesis 
may be present, in part as a result of 
cryptorchidism. Rarely, precocious puberty is 
seen. The most common cause is the deletion 
of the paternally derived chromosome 15q11- 
ql3. Less commonly, it is found when 
maternal uni-parental disomy (two maternal 
copies) of this locus occurs. 


Defects In 
receptors 


the gonadotropins and their 


FSH and LH are two key hormones 
produced by the pituitary that are necessary 
for male reproductive function. These 
gonadotropins are dimeric molecules com- 
posed of an & subunit common to both human 
chorionic gonadotropin (hCG) and thyroid- 
stimulating hormone (TSH). The B subunits 
differ and provide specificity of action. 


Mutations in FSH and LH subunits 


Mutations in the FSH and LH subunits 
can underlie male infertility. The phenotypes 
may vary from complete virilization failure to 
less severe forms of hypogonadism. Because 
LH acts on the Leydig cell to stimulate 
androgen production, androgen deficiency 
with its associated developmental and 
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functional features, occurs. Less commonly, 
deficiencies in FSH occur in subfertile males. 
Although FSH B-subunit mutations have been 
suggested they are rarely found ininfertile men. 


LH and FSH receptors 


The LH and FSH receptors mediate the 
actions of these gonadotropins in the Leydig 
and Sertoli cells, respectively. Gene mutation 
causing LH receptor deficiency is rare in 
humans. On the other hand, less is known 
about the FSH receptors. 


Disorders that affect sperm 
function 
Globozoosper mia 

Globozoospermia, or ‘round-headed 


sperm,” is a severe form of teratozoospermia. 
The sperm heads appear round because there 
is no acrosome present. The presence of 
globozoospermia can be complete or 
incomplete, with varying percentages of round 
heads. Complete or total globozoospermia 
results in infertility. Partial globozoospermia 
occurs with varying degrees of normal sperm, 
and natural conception may result. A 
homozygous mutation in SPATAI6, a 
spermatogenesis-specific gene is thought to be 
the cause of globozoospermia. Treatment is 
with ICSI. However, results are poor due to 
disturbed sperm-associated oocyte-activation 
factor. 
Primary ciliary dyskinesia 

Primary ciliary dyskinesia (immotile cilia 
syndrome) causes sperm abnormalities 
resulting from axonemal ultrastructural defects 
affecting the structure of the cilia/flagellum. 
The patients show bronchiectasis and a defect 
in sperm tails causing a motility defect. 
Kartagener syndrome, one type of ciliary 
dyskinesia, is among the syndromic forms of 
asthenospermia commonly found in 
combination with situs inversus. Absent or 
shortened dynein arms in the sperm tail are 
found in more than half of the men with 
primary ciliary dyskinesia or Kartagener 
syndrome. Kartagener is due to mutations in 
the dynein genes. These include the DNAI1 
DNHHS, TXNDC3, and DNAH11 genes found 
on chromosomes 9, 5, 7, and 7, respectively. To 
differentiate between immotile, but viable, and 
dead sperm in the ejaculate the eosin test in 
used. Electron microscopy of the sperm tail 
confirm the diagnosis. ICSI may be successful 
with viable sperm. 


Section 8: Etiology of male infertility 


Chapter 43: Primary testicular infertility 


Anorchia 


Unilateral or bilateral absence of 
testicular tissue in genetic males is called 
anorchia. Anorchia has to be differentiated 
from partial or complete testicular atrophy, 
e.g. following torsion or orchitis, when, at 
least histologically, degenerated remains of a 
male gonad can be found. Anorchia can be 
congenital or acquired. 


Congenital Anorchia 
Introduction 


Bilateral congenital anorchia occurs only 
in one of 20,000 males. Unilateral congenital 
anorchia is about four times as frequent. 
Vascular and genetic disturbances, intrauterine 
infections, trauma or teratogenic factors are 
discussed as causes for the loss of one or both 
testes. A suspected abnormality in the sex- 
determining region of the Y chromosome, the 
SRY gene, could not be confirmed so far. Nor 
could mutations in other genes responsible for 
testicular development and descent be clearly 
identified to date. Currently intrauterine 
torsion is favored as the most probable cause. 


The morphological findings in bilateral 
congenital anorchia can be directly derived 
from the embryonic development of the male 
genital system. In the 8" week of pregnancy 
the testes developing from the undifferentiated 
gonadal system start to secrete anti-Miillerian 
hormone (AMH) and, only at a later stage, 
testosterone. If the testicular tissue is lost 
before testosterone production begins, the 
Miillerian ducts have regressed; however, the 
androgen-dependent differentiation of the 
Wolffian ducts as well as the masculinization 
of the urogenital sinus and the external 
genitalia have not yet started. If the testes 
originally present are destroyed after they 
have produced testosterone for a certain 
period, the androgen-dependent target organs 
of the urogenital tract are more or less 
completely differentiated towards the male 
phenotype. 


Subjects with bilateral congenital 
anorchia, in whom the testes had produced 
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AMH but no testosterone, present with the 
phenotype of male pseudo-hermaphroditism 
including female external genitalia. Neither 
gonads nor derivatives of the Miillerian ducts 
(oviducts, uterus, upper vagina) nor the 
Wolffian ducts epididymis, ductus deferens, 
seminal vesicles) can be found. If the testes 
have produced testosterone during embryonal 
development, the external genitalia are male 
and the Wolffian duct derivatives are 
developed. A small penis may indicate 
diminished androgen-dependent growth during 
fetal development If left untreated, pubertal 
development will not start in patients with 
bilateral congenital anorchia and the typical 
phenotype of eunuchoidism develops. Since a 
single intact testis is functionally sufficient, 
disorders of sexual differentiation and pubertal 
development do not occur in congenital 
unilateral anorchia although unilateral 
retention of Miillerian ducts can be present 
(depending on timing of testicular loss). 


Diagnosis 


In patients with congenital bilateral 
anorchia testicular tissue cannot be 
demonstrated either by morphological or by 
endocrine techniques. FSH and LH serum 
levels may already be elevated in children and 
rise to castrate levels from the age of puberty 
onwards. In contrast, testosterone is very low. 
For a differential diagnosis cryptorchidism 
must he ruled out. The hCG-test is used for 
differentiation. While a rise in serum 
testosterone can be measured in patients with 
cryptorchidism, the values remain low even 
after a 7-day period of stimulation in patients 
with bilateral anorchia. In addition, AMH, 
which is lacking in anorchia, should be 
measured since it shows a higher sensitivity, 
but equal specificity compared to testosterone. 
In cases with suspected unilateral anorchia the 
absence of gonadal tissue must be ascertained 
by imaging diagnostic procedures 
(sonography, computer tomography, MRI) and 
if necessary by exploratory surgery / 
laparoscopy, since non-descended and 
dysgenetic gonads have a high rate of 
malignant degeneration. 


Therapy 


Unilateral anorchia does not require 
therapy as long as testosterone production is 
sufficient. In phenotypically male patients 
with bilateral congenital anorchia testosterone 
substitution has to be implemented at the time 
of expected puberty. In phenotypically female 
patients estrogen substitution will be started. 
Intersexual external genitalia may be corrected 
by plastic surgery. For cosmetic reasons, 
testicular prostheses may be implanted into the 
scrotum. Infertility in bilateral anorchia cannot 
be treated. 


Acquired anorchia (Castration ) 


Testes can be lost due to trauma, tumors, 
severe inflammation, torsion, surgical 
accidents (e.g., during herniotomy or 
orchiopexy) or surgical removal (e.g. because 
of a testosterone-dependent tumor such as 
prostate carcinoma) and very rarely after self- 
mutilation. The loss of one testis will be 
compensated for by the remaining testis if it is 
normal concerning fertility and testosterone 
production, and therapy will not he necessary. 
However, some authors argue in favor of 
removing testicular tissue remaining after 
treatment for torsion because in some 
unexplained manner the function of the 
remaining organ can he negatively affected. 


The clinical symptoms of bilateral 
testicular loss depend on the time when 
testicular function is lost. Before puberty, 
testicular loss leads to the characteristic 
phenotype of eunuchoidism; after puberty it 
will lead to the phenotype of postpubertal 
testosterone deficiency. 


When both testes are lost, testosterone 
must be permanently substituted from the time 
of the expected beginning of puberty in order 
to induce pubertal development and in an adult 
immediately after testicular loss to maintain 
the various androgen-dependant functions. 
Testicular prostheses (usually silastic) may be 
implanted for psychological or cosmetic 
reasons. 


Orchitis 
Introduction 


Isolated inflammation of the testis 
(orchitis) is extremely rare and usually occurs 
in association with an inflammation of he 
epididymis (epididymo-orchitis). 
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Viral orchitis is most frequent. Mumps 
virus, Coxsackie virus, varicella-zoster virus 
and various similar viruses can cause damage 
to the testes. The testes may become affected 
in cases of nephritis, prostatitis, vesiculitis or 
epididymitis caused by gonococci or 
unspecific bacteria, usually chlamydia. In 
children Pneumococci and Salmonella can 
cause unspecific orchitis. Specific infections 
(syphilis, tuberculosis, leprosy) no longer play 
a dominant role in most countries. Non- 
specific granulomatous orchitis is rare and 
presumably of autoimmune origin. It usually 
affects older men with disturbed bladder func- 
tion. Chronic orchitis often goes unrecognized 
and is not discovered until inflammatory 
reactions are found in testicular biopsies. 


Clinical Picture and diagnosis 


When mumps occurs after puberty 
orchitis develops in about 25% of patients; in 
about one third of these cases both testes are 
afflicted. Usually, orchitis develops after 
parotitis occurs, but may also precede it. 
Isolated mumps orchitis without parotitis is 
rare, but it may also go unrecognized. The 
acute phase of infection is accompanied by 
painful testicular swelling, fever and 
generalized symptoms. Increased intra- 
testicular pressure, resulting ischemia or the 
virus itself may lead to irreversible damage of 
spermatogenesis. Decreased Leydig cell 
function, present during the acute stage, is 
usually rapidly restored. 


Whereas acute orchitis represents a 
relatively clear clinical picture, the prevalence, 
diagnosis and clinical picture of chronic 
inflammation of the testis are largely obscure. 
Chronic asymptomatic orchitis can 
temporarily or permanently affect 
spermatogenesis and lead to reduced sperm 
numbers and quality. This applies especially to 
patients with previously intact 
spermatogenesis whose semen parameters 
have progressively declined in following 
examinations - although no other causes could 
be identified (e.g., testicular tumor). In chronic 
subclinical orchitis histological investigation 
shows patchy inflamed areas distributed 
throughout the testis accompanied by reduced 
testicular volume. 


Therapy 


Vaccination against mumps in childhood 
may prevent orchitis as a complication 
ensuing from the infection. 


Only symptomatic treatment is possible 
in acute viral orchitis and consists of 
elevating and cooling the scrotum and 
administering glucocorticoids for about 10 
days (60mg prednisone daily followed by 
gradually decreasing doses). In addition, 
anti-inflammatory, antiphlogistic and 
antipyretic drugs may be useful adjunctive 
therapy. This usually produces rapid 
reduction of swelling and relief from pain. 
Bacterial orchitis is treated according to 
antibiotic sensitivity results from bacteria 
cultured from the ejaculate. During the acute 
phase of infection sperm parameters are 
suppressed, but may recover. Permanent 
infertility is also possible. 


There is no therapy for disturbed 
testicular function following orchitis which is 
directed at improving semen parameters. Only 
methods of assisted reproduction may be 
considered. Even in azoospermic patients an 
attempt with TESE may be warranted as focal 
spermatogenesis may still be present. Any 
resulting androgen deficiency must he 
substituted with testosterone. 


Germ cell aplasia (SCO syndrome) 
Pathophysiology 


Germ cell aplasia does not represent a 
diagnosis but rather a characteristic 
histopathologic phenotype first described by 
Del Castillo et al. in 1947, initially referred to 
by his name and which can be caused by 
different endogenous and exogenous factors. 


In complete germ cell aplasia the tubules, 
which are reduced in diameter contain only 
Sertoli cells and no other cells involved in 
spermatogenesis (Sertoli-cell-only syndrome = 
SCO syndrome); the patients are infertile. 


In the more frequent focal SCO syndrome 
a variable percentage of tubules contain germ 
cells, but in these tubules spermatogenesis is 
often limited in both quantitative and 
qualitative terms. The SCO syndrome is the 
most frequent cause of non-obstructive 
azoospermia. 


About 30% of infertile patients in whom 
testicular biopsies were performed present 
with focal or complete SCO syndrome. Eight 
percent of this group suffer from bilateral 
SCO syndrome. In view of the possibility of 
retrieving sperm from testicular tissue to be 
used in techniques of assisted reproduction 
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(TESE), the question arises how 
representative a testicular biopsy is. Under 
all circumstances the biopsied tissue must be 
screened most scrupulously before a firm 
diagnosis of complete SCO can be 
established. In such cases diagnostic- 
therapeutic TESE with cryopreservation must 
be carried out. 


Testosterone production in the Leydig 
cells is usually undisturbed so that patients are 
usually normally androgenized and only 
infertility prompts them to seek medical 
advice. 


In congenital germ cell aplasia for some 
unexplained reason the germ cells do not 
migrate into or survive in the epithelium of the 
tubule. Microdeletions of the Y chromosome 
represent an important genetic cause of the 
SCO syndrome. The syndrome of germ cell 
aplasia can also be acquired, being caused by 
severe endogenous and exogenous damage, 
such as mal-descended testes, irradiation, 
cytostatic drugs and viral infections and thus 
represents the testicular reaction to severe 
damage. 


Clinical picture and diagnosis 


Patients with the complete form of germ 
cell aplasia are always azoospermic; the 
focal SCO syndrome is characterized by 
oligoasthenoteratozoospermia of varying 
degrees. In such cases elongated spermatids 
may be found in the biopsy which are 
suitable for TESE/ICSI. Usually testicular 
volume is reduced, hut may be in the lower 
normal range. FSH is generally elevated, 
with serum levels correlating positively with 
the degree of severity of germ cell aplasia. 


Diagnosis can only be made by testicular 
biopsy, which should discriminate between 
total and focal SCO syndrome in view of ICSI. 
A testicular biopsy should therefore be 
planned as a diagnostic-therapeutic 
procedure including the possibility of TESE. 


Therapy 


There is no therapy for complete SCO 
syndrome leading to improvement of 
spermatogenesis. Nor can current knowledge 
increase the number of sperm produced by any 
residual functions. Therefore, in most cases 
ICSI possibly combined with TESE provides 
symptomatic therapy. 


Sper matogenic Arrest 
Pathophysiology 


Spermatogenic arrest is the interruption of 
germ cell maturation leading from 
spermatogonia to sperm. Like the SCO 
syndrome, spermatogenic arrest is a 
histopathological phenomenon with many 
possible causes. 


Spermatogenic arrest can occur at the 
level of spermatogonia, primary or secondary 
spermatocytes or round spermatids. Patients 
with fertility disturbances show a prevalence 
of spermatogenic arrest of about 4-30% of 
testicular biopsies according to the literature. 
In a series of 293 patients undergoing 
diagnostic testicular biopsy 23% showed 
spermatogenic arrest localized mostly at the 
level of primary spermatocytes. In almost one 
third of these patients the arrest was bilateral. 


The causes may be primarily genetic or 
may be traced to secondary influences. 
Primary genetic reasons occur in trisomy, in 
balanced-autosomal anomalies (translocations, 
inversions) or in deletions in the Y 
chromosome (Yq11). Secondary factors such 
as toxic causes (radiotherapy, chemotherapy, 
antibiotics), heat or general diseases (liver or 
kidney insufficiency, sickle cell anemia) may 
be causative. In some patients with arrest at 
the round spermatid level the cAMP 
Responsive Element Modulator (CREM) is 
reduced or missing. Since CREM-negative 
spermatids do not develop further, the lack of 
this signal transduction factor is considered 
the cause of the arrest 
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Clinical Picture 


Patients with complete arrest of 
spermatogenesis are azoospermic. In cases of 
partial arrest varying degrees of 
oligoasthenoteratozoospermia occur, but 
sperm production may be so low that 
azoospermia occurs and sperm can only he 
extracted from testicular tissue (TESE). 
Testicular volume as well as FSH and inhibin 
B values may lie in their normal ranges, but 
may also be elevated or decreased. 
respectively. 


Diagnosis 


A definite diagnosis can only be made by 
testicular biopsy. Azoospermia and severe 
oligoasthenoteratozoospermia with normal 
FSH serum values and normal testicular 
volume require a testicular biopsy to 
distinguish arrest from obstruction of the 
excurrent ducts. 


Therapy 


There is no known therapy for 
spermatogenic arrest. Attempts to increase 
sperm production have not been successful. 
The application of techniques of assisted 


reproduction as SCO syndrome is also 
relevant here. 
Initial SUCCESS in culturing 


spermatogenetic cells in vitro give rise to the 
hope that one day spermatogenetic arrest may 
be overcome in patients by in vitro 
spermatogenesis. 


Section 8: Etiology of male infertility 


Chapter 44: Varicocele infertility 


Introduction 
A varicocele is a dilation of the 
pampiniform plexus. The incidence of 


varicoceles in the general population has been 
reported to be approximately 20%, but as 
many as 40% of men being evaluated for 
infertility have varicoceles. The higher 
incidence of varicoceles in subfertile men has 
led to the belief that varicoceles cause 
infertility, and this belief has been supported 
by the documented beneficial effects of 
varicocelectomy. Improvement in semen 
analyses, testicular size, and_ testicular 
histology have each been observed after 
varicocelectomy. Analysis of reports 
reviewing thousands of infertile patients 
treated with varicocelectomy indicates that 
50-80% of patients experience an 
improvement in semen variables, with 30- 
40% of patients initiating a pregnancy after 
the procedure. 


Recently, the World Health Organization 
assessed the influence of varicoceles on 
variables of fertility. This study identified 
varicoceles in 25.4% of men with abnormal 
semen compared with 11.7% of men with 
normal semen. The varicocele was associated 
with decreased testicular volume, impaired 
semen quality, and abnormal Leydig cell 
function. Although efficacy of 
varicocelectomy was not addressed by this 
report, varicocele continues to be recognized 
as the major surgically correctable cause of 
male infertility. 


In spite of the ongoing controversy, 
varicoceles continue to be considered an 


important cause of male infertility. 
Varicocelectomy is widely accepted as an 
effective treatment, which results in 


significant improvement in semen parameters 
in a large percentage of men and improved 
spontaneous pregnancy rates. 


Anatomy 


Varicoceles are dilations of the 
pampiniform plexus. Clinically, varicoceles 
occur most commonly as isolated left-sided 
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lesions (75-95%). Although the incidence of 
bilateral varicoceles has historically been 
reported to be approximately 10%, recent data 
have indicated bilaterality in 30-80% of cases. 
The isolated right-sided varicocele is 
uncommon, and causes concern regarding the 
possibility of an underlying retroperitoneal 
abnormality. 


The apparent predisposition for the 
development of varicoceles on the left has 
been explained by the anatomy of the internal 
spermatic system. The left internal spermatic 
vein drains perpendicularly into the left renal 
vein, taking a course that is approximately 8- 
10 cm longer than the course of the right 
internal spermatic vein, which enters the vena 
cava. The greater length of the left internal 
spermatic vein results in increased hydrostatic 
pressure when the patient is in the upright 


position, thereby overcoming valvular 
mechanisms and resulting in backflow, venous 
dilation, and varicocele formation. 


Additionally the right-angle insertion of the 
left spermatic vein into the renal vein allows 
for the direct transmission of left renal vein 
pressure to the spermatic vein. On the other 
hand the right spermatic vein enters the vena 
cava at an oblique angle, protecting the vessel 
from pressure elevations within the inferior 
vena cava. 


Increased hydrostatic pressure within the 
left internal spermatic vein may also result 
from compression of the left renal vein 
between the superior mesenteric artery and 
aorta, the so-called “nutcracker” phenomenon. 


Absence or incompetence of valves 
occurs in varicoceles and appears to play a 
role in the etiology of varicocele. 


Dilatation of the external spermatic vein 
occurs in 50% of patients with varicocele and 
can be a cause of persistence of varicocele 
after varicocelectomy. Ligation of the external 
spermatic vein is thus recommended in all 
cases of varicocelectomy and thus the inguinal 
or sub-inguinal approach is recommended for 
this purpose. 


Pathophysiology 


Many hypotheses have been proposed to 
explain the mechanism by which a varicocele 
may exert a deleterious’ effect on 
spermatogenesis and fertility. This problem is 
further complicated by the fact that unilateral 
lesions appear to affect spermatogenesis 
bilaterally. However, recent data demonstrate 
that although unilateral varicoceles affect 
spermatogenesis bilateral varicocelectomies 
are associated with even greater 
improvement, patients undergoing bilateral 
varicocelectomy experience a greater 
improvement in sperm density and motility. 
Patients with larger varicoceles are 
predisposed to formation of varicoceles on the 
contralateral side. Collateral pathways to the 
contralateral side can be found by way of the 
pudendal and cremasteric veins. 


Reflux of adrenal metabolites 


It has been hypothesized that the reflux of 
metabolic by-produces of the adrenal glands 
and kidneys has a toxic effect on testicular 
function. However, the adrenal gland 
metabolites and products do not appear to play 
a part in the effects of the varicocele on 
spermatogenesis. 


Hormonal dysfunction 


Altered testicular steroidogenesis has 
been proposed as a mechanism by which 
varicocele exerts its deleterious effects on 
spermatogenesis. Early reports have reported 
decreased plasma testosterone levels in 
patients with varicoceles. Other investigators 
have shown that testosterone levels in 
peripheral venous or internal spermatic vein 
blood of patients with varicocele do not differ 
from those of normal men. FSH levels were 
significantly higher in infertile men with 


varicoceles than in fertile men with 
varicoceles or in fertile men without 
varicoceles. 

Although the varicocele may be 


associated with a subtle alteration in the 
hypothalamic-pituitary-gonadal axis, whether 
this is the mechanism of the effect of the 
varicocele or the result of the primary 
pathophysiologic effect of the varicocele is 
unclear. 


Hypoxia and reactive oxygen species 


Human and experimental data suggest 
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that apoptosis, hypoxia and reactive oxygen 
species play a role in the pathophysiology of 
varicocele. 


Varicoceles may affect reactive oxygen 
species generation, rendering the testicle 
and/or the sperm unable to handle oxidative 
stress, and resulting in reactive oxygen species 
buildup. Hydrogen peroxide, free radicals, and 
superoxide anions have been reported in both 
semen and testicular biopsy specimens. 
Elevated reactive oxygen species and 
diminished total antioxidant capacity are 
associated with varicoceles. 


Apoptosis 


Since toxic agents and heavy metals 
accumulate in tissues undergoing apoptosis, 
several investigators have examined testicular 
tissue heavy-metal content in men with 
varicoceles. In particular, cadmium has been 
implicated as a mediator of the toxic effects of 
cigarette smoking. This heavy metal has also 
been detected in the seminal plasma of men 
with varicoceles. Higher levels of cadmium 
and apoptosis were present in the seminiferous 
tubules of men with varicoceles Cadmium 
levels are an indicator of a tissue's inability to 
handle oxidative stress, and the buildup of the 
toxic metal exacerbates the deleterious effects 
of the varicocele. 


Hyperthermia 
Some workers compared scrotal 
temperatures in oligospermic infertile 


varicocele patients with those of control 
subjects. The control subjects had intrascrotal 
temperatures that were 0.6-0.8°C lower than 
the intrascrotal temperatures of patients with 
varicoceles. Using scrotal thermo-graphic 
techniques, demonstrated higher scrotal 
temperatures in patients with varicoceles and 
abnormal spermatogenesis than in patients 
with varicoceles and normal semen analyses. 
Some authors showed a positive effect on 
motility, morphology, and concentration of 
sperm by using an external scrotal cooling 
device. While men with elevated scrotal 
temperatures with or without varicoceles may 
suffer similar effects, the pathophysiology of 
the varicocele remains closely related to 
alterations in temperature. 


Testicular pathology associated with 
varicocele 
Gross testicular alterations associated 


with varicocele are well documented. The 
earliest descriptions of the varicocele note its 
association with decreased testicular size. The 
testes of subfertile males with varicoceles 
generally exhibit some degree of atrophy. 
Some authors reported that 77% of subfertile 
patients with a varicocele had either 
unilateral or bilateral testicular atrophy. 
Both the right and left testes of patients with 
varicoceles were significantly smaller than 
testes of patients with idiopathic oligospermia 
or those of normal patients. It has been well 
documented that varicoceles are associated 
with macroscopic and microscopic testicular 
alterations. These changes are observed 
bilaterally even in the presence of unilateral 
clinical varicoceles. 


Microscopic examination of both the right 
and left testes in patients with unilateral 
varicoceles and oligospermia shows thinning 
and sloughing of the germinal epithelium. 
Spermatogenic arrest in the late spermatid 


stage may also be observed. Electron 
microscopic evaluation has demonstrated 
maturation arrest at the primary 


spermatocyte level, mal-oriented spermatids, 
and structurally abnormal Sertoli cell-germ 
cell junctional complexes. These structural 
changes have been seen only in the adluminal 
compartment, with the Sertoli-Sertoli cell 
junctions remaining unchanged. Testicular 
biopsies of infertility patients with left 
varicoceles showed endothelial proliferative 
lesions of the capillaries at the 
ultrastructural level. These endothelial 
changes preceded the testicular tubular 
damage. The reversibility of these changes 
postoperatively emphasized the deleterious 
effects of the varicocele as well as the 
potential benefit of varicocelectomy in the 
treatment of the infertile male. 


Diagnosis 
Physical examination 


Inspection and palpation remains the 
cornerstone for the diagnosis of the scrotal 
varicocele. Most physicians will have little 
difficulty in recognizing large or moderate- 
sized varicoceles. The distended veins may 
appear as a vermiform bluish discoloration 
beneath the scrotal skin. On palpation, they 
have been described as a "bag of worms". 
The size of a varicocele is assessed by a 
simple grading system "Large" (grade 3) 
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varicoceles are visible through the scrotal 
skin; "moderate" (grade 2) varicoceles are 
easily palpable without a Valsalva maneuver; 
the “small (grade 1) varicocele is palpable 
only with a concurrent Valsalva maneuver. 
The small varicocele can be missed unless a 
thorough examination of the scrotum is 
performed, with the patient in both supine and 
upright positions. Since it has been reported 
that the small varicocele may impair 
spermatogenesis as often as the large 
varicocele, it is important to carefully examine 
the scrotum of every man being evaluated for 
infertility. 


Examining the patient in a warm and 
comfortable environment facilitates the scrotal 
examination. A cool examining room may 
result in shrinkage and "tightening" of the 
scrotum, obscuring a varicocele. A varicocele 
is most easily detected when the patient is 
upright and performing a Valsalva 
maneuver. During this maneuver, the dilated 
scrotal varicosities become engorged and more 
prominent. 


Prolonged standing may also help to 
accentuate a varicocele. Recently a new 
maneuver, “the Nagler maneuver,” was 
reported to increase the detection of 
varicoceles. In this maneuver the abdomen is 
extended outward. Venous reflux velocities 
were found to be greater with this maneuver 
than with the standard provocative maneuvers. 


After the upright examination, the patient 
is re-examined in a supine position. 
Decompression of the varicocele may be 
appreciated. Persistence of cord fullness while 
the patient is in a supine position may be 
indicative of a cord lipoma, hernia, or other 
pathologic conditions rather than venous 
distension of a varicocele. A varicocele that 
results from renal vein obstruction secondary 
to a tumor may also persist when the patient is 
supine. The patient is again examined in the 
upright position. 


Adjunctive diagnostic tests 
Doppler examination 


A pencil-probe Doppler stethoscope has 
been advocated as an adjunctive tool in the 
examination of the varicocele. Reflux, which 
is demonstrated with Valsalva, is believed to 
be indicative of a clinical varicocele. The 
presence of reflux is indicated by an auditory 


signal and can be visualized with a graphic 
representation. The patient is examined in the 
upright position. Ultrasonographic conducting 
gel is applied to the upper aspect of the 
scrotum. There should be complete acoustical 
silence prior to having the patient perform the 
Valsalva maneuver. 


The significance of a positive test result in 


sub-fertile, oligospermic patients with a 
subclinical varicocele screened by Doppler is 
uncertain. Some authors demonstrated 
Valsalva maneuver-induced varicocele, 


Doppler-positive reflux in 83% of the left 
spermatic veins and 59% of the right 
spermatic veins of patients without clinical 
varicoceles. There was no difference between 
the infertile and fertile men. 


Now the only circumstance in which 
Doppler examination is used is to determine 
the presence of “subclinical reflux”. If a 
subclinical varicocele is appreciated, it is 
treated at the same time as the coexistent 
clinical varicocele. 


Ultrasonography 


Ultrasonography has become an 
increasingly useful modality in the diagnosis 
of varicoceles. In the subset of patients with a 
clinical left-sided varicocele, the literature 
supports the use of sonography in the 
evaluation of the right side. Studies suggest 
that subclinical right-sided varicoceles play a 
role in the pathogenesis of male infertility, 
and that bilateral surgical correction is 
warranted in these patients. Color-flow 
Doppler appears to be a useful diagnostic 
modality in the diagnosis of the hard-to- 
palpate varicocele. 


It is the most common diagnostic 
modality performed, with accuracy similar to 
that of invasive venography. Further studies 
are needed to evaluate the role of CFD 
ultrasonography in the diagnosis of the 
subclinical varicocele 


Venography 


Given the invasive nature of venography 
and the controversy regarding the significance 
of venographically demonstrated reflux, 
venography should not be used routinely to 
diagnose varicoceles in the oligospermic 
patient. The most appropriate indication for 
venography is the persistent varicocele in the 
postsurgical patient. In this instance, 


[359] 


venography can be both diagnostic and 
therapeutic when veno-occlusion is performed 
with use of sclerosing agents, Gianturco coils 
or detachable balloons. 


Intra-operative venography has been used 
to identify persistent vessels after ligation of 
the internal spermatic veins, and has been 
reported to decrease the surgical failure rate. 


Therapeutic indication of varicocelectomy 
Infertility 


The most common indication for 
varicocelectomy is infertility. However, the 
mere presence of a varicocele in a subfertile 
male is not a sole indication for 
varicocelectomy. One must be certain that the 
patient has no other causes for infertility and 
be assured by appropriate gynecologic 
examination and evaluation that the partner 
has a normal fertility potential. 


Semen analysis 


The detrimental effect of the varicocele 
on spermatogenesis in the subfertile male is 
most often reflected in abnormal seminal 
parameters. Infertile men with varicoceles 
may have abnormal semen quality, 
demonstrating reduced sperm counts (less 
than 20 million/ mL), decreased motility, 
and/or abnormal morphology. Varicocele 
appears to affect spermatogenesis, regardless 
of fertility status. Although fertile men with 
varicoceles had higher sperm counts than 
infertile men with varicoceles, counts in both 
groups of men were significantly lower than in 
normal controls. 


MacLeod in 1965 introduced the term 
"stress pattern" to reflect the altered 
morphology (increased numbers of immature 
cells and "tapered" forms) observed in 
association with a varicocele. The stress 
pattern was defined as a semen analysis with 
greater than 15% tapered forms. MacLeod 
found this pattern in 90% of his infertile 
patients with a varicocele. Although the 
"stress pattern" came to be associated with 
the diagnosis of a varicocele, it is not 
pathognomonic of the varicocele but rather 
represents a nonspecific finding associated 
with abnormal spermatogenesis. Some 
authors found no difference in morphology 
patterns between infertile patients with 
varicoceles and infertile patients without 
varicoceles. Other authors demonstrated that 


subfertile men with varicoceles had the same 
percentage (5%) of tapered forms as infertile 
patients with idiopathic oligoasthenospermia. 
In his original report MacLeod recognized 
that there were other causes, such as certain 
viral illnesses or exposure to 
antispermatogenic medications, that may 
produce a stress pattern. The "stress pattern," 
which was often interpreted as being 
pathognomonic for a varicocele, is indicative 
of abnormal testicular function, regardless of 
cause. Therefore, the term has been largely 
abandoned. An abnormal semen analysis in 
a man with a clinical varicocele and a 
normal partner is the most common 
indication for varicocelectomy. 


Symptomatic varicocele 


Scrotal pain as a result of a varicocele is 
uncommon, but if it exists and is persistent, 
varicocelectomy may be of benefit. 
Symptomatic varicoceles are usually very 
large. Since varicocelectomy does not 
necessarily provide the desired relief, it is of 
paramount importance that other causes of 
scrotal and inguinal pain be considered before 
varicocelectomy is offered for relief of scrotal 
pain. Before scrotal pain is attributed to a 
varicocele, conservative measures such as 
scrotal support and the use of anti- 
inflammatory and analgesic agents should be 
taken. 


If persistent pain exists and there is no 
other indication, the varicocele may be 
implicated. 


Pediatric/adolescent varicocele 


Historically, the pediatric/adolescent 
varicocele has been left untreated unless it 
caused pain or gross testicular damage. 
However, in recent years, various authors 
have proposed that ligation of a varicocele 
during childhood or adolescence may improve 
the potential for future fertility. 


While the incidence of the prepubertal 
varicocele is 0-1%, the incidence of varicocele 
in adolescents is reported to be between 2% 
and 16%. In males 15 years of age, the 
incidence has been reported to be a high as 
20%. 


Testicular biopsy results in prepubertal 
children with varicoceles have demonstrated 
damage similar to that seen in adults. 
Testicular histology was already abnormal in 
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12-year-old boys; more severe histologic 
abnormalities were seen in older adolescents. 
Some authors examined adolescents with 
varicoceles, and reported a 74% incidence of 
testicular atrophy and a 90% incidence of 
abnormal histology. Therefore, histological 
damage appears early in pubertal development 
and apparently progresses with time. 


Most authors have discussed testicular 
atrophy secondary to varicoceles. In a 
controlled prospective study, some authors 
repaired varicoceles in 34 boys and observed 
an increase in left testicular volume, whereas 
the 33 boys who were controls with 
varicoceles did not show this increase. In 
addition, sperm concentrations significantly 
improved in the treatment group. 


Other authors measured semen 
parameters before and after sub-inguinal 
varicocelectomy in adolescents. They reported 
improvement of semen parameters including 
concentration and motility. 


The ultimate goal of the treatment of the 
pediatric varicocele is preservation of 
fertility. When assessing the implications of 
the pediatric varicocele, it is important to 
recognize that most men with varicoceles 
have normal fertility; only 13% of men with 
varicoceles will be infertile. Studies of the 
pediatric varicocele have not enabled us to 
predict the group of adolescents with a 
varicocele who will have a fertility problem. 
Because of the uncertainty about benefits in 
terms of future fertility and the risk of 
recurrence or surgical complications, most 
surgeons have adopted the position that the 
pediatric varicocele should be left untreated 
unless there is significant testicular 
asymmetry or retarded testicular growth (> 
20% volume disparity) documented on serial 
examinations. Testicular growth retardation, 
indicating a potentially significant pathologic 
lesion, has become a prime indication for 
varicocelectomy. 


Secondary infertility 

The role of varicocele in infertility has 
been strongly implicated in males with 
secondary infertility. Varicocele is a 


progressive lesion which results in the loss of 
previously established fertility. The approach 
to the individual with secondary infertility and 
a varicocele should not differ from that taken 
to the male with primary infertility and a 
varicocele. Varicocelectomy should be 


recommended when other factors contributing 
to infertility have been eliminated. 


Surgical treatment 


Surgical varicocelectomy is the 
cornerstone of varicocele therapy. The goal of 
intervention is the complete disruption of the 
internal spermatic venous drainage of the 
testicle while preserving the internal spermatic 
artery, vas deferens with its blood supply, and 
spermatic cord lymphatics. Several surgical 
approaches are available to accomplish a 
varicocelectomy. These include the scrotal 
approach, the sub-inguinal approach, the 
inguinal approach (modified Ivanissevich), the 
retroperitoneal approach (modified Palomo), 
and the laparoscopic approach. 


Scrotal approach 


Mentioned only for completeness and 
historical accuracy, this approach has been 
abandoned because the complexity of the 
scrotal pampiniform plexus and its rich 
anastomotic network makes successful 
interruption less likely. Additionally, damage 
to the end testicular artery and resulting 
testicular ischemia are more likely because of 
the multiple sites of division and ligation. One 
would suspect that injury to the vas and/or 
artery would be similar to or less than rates in 
hydrocelectomy, which can range from 5% to 
17%. This technique is best avoided, because 
of its higher failure and complication rates. 


Sub-inguinal approach 


The sub-inguinal approach is simply a 


modification of the inguinal approach. 
Morbidity with this procedure is less than that 
of inguinal and retroperitoneal surgery, 


because the muscle layers and inguinal canal 
are not violated. The external cremasteric 
vessels are easy to identify and, if abnormal, 
ligate at this level. Because the internal 
spermatic venous system is more branched at 
this level, this approach is more tedious than 
the inguinal approach. Due to the complexity 
at the cord at this level, microscopic technique 
is generally employed when a sub-inguinal 
varicocelectomy is performed. 
Inguinal approach: modified Ivanissevich 
The inguinal approach exposes the 
internal spermatic vessels within the inguinal 
canal. As noted by Ivanissevich, this approach 
has several advantages over the 
retroperitoneal approach. First, the surgeon is 
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quite comfortable with the anatomy within the 
inguinal canal. As the spermatic vein moves 
cephalad and approaches the internal inguinal 
ring, it will coalesce to form several larger 
vessels. This approach will also allow for 
identification of large external cremasteric 
vessels that may contribute to the s varicocele. 


Optical loupe magnification may be used 
for opening and closing the wound. An 
oblique incision is made parallel to the 
inguinal canal connecting the anterior superior 
iliac spine and the pubic tubercle. The medial 
aspect of the incision should be approximately 
two finger breadth above the symphysis pubis 
at the lateral edge of the scrotum. Before the 
incision is made, the exact location of the 
external ring may be noted by invaginating the 
scrotal skin. The external oblique aponeurosis 
is exposed and incised in the direction of its 
fibers. Care is taken to avoid injury to the 
underlying ilioinguinal nerve. This procedure 
can be safely carried out by making a small 
stab through the fascia. The Metzenbaum 
scissors are then slid down to the external ring 
with the tips of the scissors elevated against 
the undersurface of the fascia. The scissors are 
then rotated 90° to expose a groove between 
the two blades; this is used as a guide for the 
knife in incising the fascia. The spermatic cord 
is then mobilized at the level of the pubic 
tubercle. A Penrose drain is passed beneath 
the cord, elevating it from the canal. The 
Penrose drain is also used to exclude the 
ilioinguinal nerve from the operative field. 


When the cremasteric fascia is incised, 
one should attempt to identify the artery using 
visual inspection and intra-operative Doppler 
ultrasound. The operating microscope is used 
to aid in the identification and preservation of 
the internal spermatic artery. 


When the artery is identified, a vessiloop 
is utilized to isolate the artery from the area in 
which further dissection proceeds. With the 
artery protected, all venous channels are 
isolated and ligated with a non-absorbable 
suture or clipped. A representative segment 
may be excised. 


Great care is taken to identify even small 
venous channels. These may be cauterized 
with bipolar forceps. The vas deferens is 
identified and its vasculature preserved. At 
this point, attention is redirected to the artery 
and surrounding veins, which have been 


encircled by the vessiloop. Meticulous 
dissection allows the surgeon to remove the 
rich anastomotic network of veins that is 
closely adherent to the spermatic artery. The 
artery is identified throughout the dissection 
both visually and via Doppler examination. 
Topical application of papaverine or 
bupivacaine will cause arterial dilation and 
may aid in the identification of the artery. 
When the artery has been cleared of the 
surrounding veins, its pulsations are 
immediately apparent. Lymphatic channels are 
generally dearly visualized. These should be 
preserved to minimize the incidence of 
hydrocele formation. 


After the spermatic cord has been fully 
explored, the cord is lifted out of the inguinal 
canal by gentle elevation of the Penrose drain. 
The floor of the canal at the level of the 
external ring is inspected for any external 
cremasteric veins. These vessels perforate the 
canal to drain into the pudendal vein and, 
ultimately, the saphenous vein. These veins 
should be identified, since they may contribute 
to recurrent varices in a small proportion of 
patients. The external oblique fascia is closed 
with a continuous 3-0 chromic suture; the 
subcutaneous layer is approximated with 
interrupted 3-0 plain catgut. A sub-cuticular 
absorbable closure is used. 


Retroperitoneal approach: modified Palomo 


The retroperitoneal approach or modified 
Palomo technique exposes the internal 
spermatic vein within the retro-peritoneum 
after it exits the inguinal canal. A transverse 
abdominal incision is made just medial to the 
anterior superior iliac spine at the level of the 
internal ring. The external oblique fascia is 
incised in the direction of the fibers, and the 
internal oblique muscle is incised and 
retracted cephalad. This exposes the dilated 
internal spermatic vein, which is ligated and 
divided. The dissection may proceed cephalad 
toward the renal vein to identify the collateral 
vessels. The vas deferens and spermatic 
vessels meet as they enter the internal ring, 
aiding in the identification of the internal 
spermatic vessels. Although Palomo described 
ligating both the internal spermatic artery and 
veins, most authors believe that the artery 


should be preserved. The theoretical 
advantage of this technique is that 
retroperitoneal ligation of the internal 
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spermatic vein reduces the number of veins 
contributing to the varicocele and therefore 
minimizes the potential for recurrence of the 
varicocele. 


A major disadvantage of this technique is 
that it does not allow identification and 
ligation of the external cremasteric vessels. 
These vessels have been implicated as a cause 
of recurrent and persistent varicoceles after 
varicocelectomy. Additionally, the approach is 
not familiar to most urologic surgeons. This 
technique may be advantageous in patients 
with previous inguinal surgery, because it 
minimizes incidental injury to the testicular 
artery and ilioinguinal nerve. 


Laparoscopic approach 


The urologist's experience with pediatric 
and adult laparoscopy has progressed in recent 
years. It is now feasible for many urologists to 
do this approach for the high ligation of the 
internal spermatic vein. 


A Foley catheter is placed in all patients 
to avoid injury to the bladder. After routine 
preparation of the abdomen, a Veress needle is 
used to establish a pneumoperitoneum. 
Alternatively, a small peritoneotomy can be 
performed subumbilically, and a 10 mm trocar 
passed under direct vision. This allows for 
greater safety and faster insufflation. The 
laparoscopic camera is then passed through 
the subumbilical port. Under direct vision, one 
additional trocar (5 mm) is placed to the left of 
the midline-and one trocar (5 mm) is placed to 
the right. The internal ring, vas deferens, and 
medial umbilical ligament can be readily 
identified. After identification of the iliac and 
epigastric vessels, the parietal peritoneum is 
opened lateral to the spermatic vessels. The 
internal spermatic artery can be identified by 
its appearance and pulsations. In addition, 
papaverine solution causing dilation can be 
used to enhance visualization of the artery. 
The use of the Doppler probe introduced 
through one of the ports may aid in the 
localization of the spermatic artery. The 
vessels are dissected free, and the vein is 
clipped with titanium clips both proximally 
and distally and cut between. Bilateral 


ligations can be performed by simply 
switching to the contralateral side. After 
careful inspection for hemostasis, the 


instruments are withdrawn and the carbon 
dioxide released. The fascia is closed with #1 


polyglycolic acid suture, and the skin is re- 
approximated with an absorbable sub-cuticular 
suture. Patients may be discharged the same 
day. 


In patients who underwent laparoscopic 
internal spermatic vein ligation pregnancy 
was achieved in (42%), 41% had a 50% rise 
in sperm density, and 36% an increase in 
sperm viability and motility. The only major 
complication reported was a hydrocele. The 
results of this study indicate that the 
procedure is physiologically equivalent to the 
retroperitoneal modified Palomo approach. 


However, since the potential for 
significant morbidity from laparoscopy 
exceeds that of the extra peritoneal approach, 
this technique has not been widely embraced. 


Nonsur gical treatment of varicocele 
Percutaneous venous occlusion 


Techniques used to achieve trans-venous 
occlusion of the internal spermatic veins have 
included the deployment of detachable 
balloons, Gianturco coils, and sclerotherapy, 
or a combination of these modalities. Each of 
these techniques has its proponents. However, 
all these techniques share common advantages 
and disadvantages. Each procedure can be 
performed on an outpatient basis with 
intravenous sedation. 


With the use of detachable balloons, 
either a femoral or a jugular approach is 
employed. The jugular approach allows easier 
access to the right internal spermatic vein, 
and is therefore employed with bilateral and 
right unilateral varicocele. The inguinal 
approach is generally preferred when treating 
isolated left-sided varicoceles. The use of 
detachable balloons affords the radiologist 
the ability to test the adequacy of the 
occlusion before releasing the balloon. 
However, since different sized balloons may 
be required to achieve satisfactory occlusion, 
it is necessary to maintain an inventory of 
expensive balloons. Furthermore, there are 
isolated reports of balloon deflation and 
migration with time. Although Gianturco 
coils are inexpensive, multiple coils maybe 
required to achieve occlusion, and the 
adequacy of occlusion cannot be tested before 
the release of the coil. Most invasive 
radiologists are comfortable with the 
utilization of coils. Sclerotherapy allows 
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occlusion of smaller collateral venous 
channels, but this modality is cumbersome. 
Sclerotherapy may also be used in 
conjunction with the coil occlusion technique. 


Although embolization is a non- 
operative approach to the varicocele, it is 
often difficult and "more time-consuming 
than varicocelectomy. The success of veno- 
occlusion is 69%. The recurrence rate is 11%. 


Currently, embolization is used for the 
treatment of surgical failures in patients with 
previous inguinal surgery. Varicocele ligation 
remains the procedure of choice for the 
primary treatment of the varicocele. 


Antegrade sclerotherapy 


Antegrade sclerotherapy for the treatment 
of varicocele is performed using local 
anesthesia. An incision is made high in the 
scrotum and the spermatic cord is isolated 
with a Penrose drain. The largest spermatic 
vein is cannulated using a catheter, and 
antegrade venography is performed using 5 
mL of contrast medium. Sclerosing agent is 
mixed with air in 3:1 ratio (air block 
technique) and injected while the patient 
performs a Valsalva maneuver. In a 
randomized trial of sclerotherapy versus 
inguinal varicocelectomy, patients showed 
slightly better results for improvement of 
motility, although the two techniques were 
comparable in terms of other semen 
parameters. Each technique was associated 
with minimal peri-operative and postoperative 
complications. 


Testicular hypothermia device 


Although the pathophysiology of 
varicocele is unclear, varicocele may exert 
its deleterious effects by increasing testicular 
temperature. This assumption led to the 
development of the testicular hypothermia 
device (THD). The THD was an externally 
applied device that cooled the scrotum by 
evaporation of water, which was 
continuously applied to a cotton scrotal 
support. This technique was reported to 
lower scrotal temperatures by 2.3°C. A 27% 
pregnancy rate was reported. Poor patient 
compliance, resulting from water leaks and 
general discomfort, limited the acceptance of 
and the usefulness of this noninvasive 
modality. 


Outcome analysis of varicocelectomy 


Prognosis 
In a review encompassed 2466 
varicocelectomies, the overall rate of 


improvement in semen quality was 66% 
(range 51-78%), and the overall reported 
pregnancy rate was 43% (range 24-53%). 


Varicocelectomy does have a beneficial 
effect on sperm density. It was noted that 
motility and morphology may improve 
significantly after varicocelectomy when an 
associated rise in density was observed. 


Prognostic variables 


In an attempt to identify prognostic 
factors predicting postoperative pregnancies, 
some authors showed four preoperative 
variables to be of value. The absence of 
testicular atrophy was found to indicate a 
good prognosis: 56% of patients with normal 
testicular size established pregnancies, 
compared with a 33% pregnancy rate in 
patients with testicular atrophy. Patients with 
initial sperm counts of 50 million or more 
per ejaculate were significantly more likely to 
establish pregnancies after varicocelectomy. 
Thirty percent of patients with preoperative 
sperm motility of less than 60% initiated 
pregnancies postoperatively, whereas 60% of 
those with normal preoperative motility 
produced pregnancies. As expected, elevation 
of FSH was a poor prognostic indicator, only 
25% of patients whose FSH was above 300 
ng/mL achieved pregnancies, whereas 46% of 
patients with normal FSH levels (<300 
ng/mL) initiated pregnancies. Studies found 
no relationship between the clinical grade of 
the varicocele and postoperative pregnancy 


rates despite improvements in semen 
variables. 
Reactive oxygen species have been 


implicated as mediators of the abnormal 
spermatogenesis observed in the presence of 
varicocele. Preliminary data showed that the 
amount of cadmium in the testis biopsy was 
indicative of the extent of damage caused by 
varicocele. The patients with low intra- 
testicular cadmium levels prior to 
varicocelectomy were noted to have a greater 
improvement in sperm counts than those 
patients with higher cadmium levels. 


Adjuvant hormonal therapy 


The value of hormonal therapy after 
varicocelectomy is unclear. Dubin and Amelar 
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reported that adjuvant human chorionic 
gonadotropin (hCG) resulted in better semen 
parameters and pregnancy rates in patients 
with counts less than 10 million/ml than in 
those treated with varicocelectomy alone. 
These authors treated patients with sperm 
counts of less than 10 million/ml with 
injections of hCG, 4000 units intramuscularly 
twice weekly for 10 weeks. A 55% 
improvement in semen quality and a 45% 
pregnancy rate was observed. Some authors 
used clomiphene citrate, 25 mg/day for 25 
days with a five-day rest period, and reported 
a 53% pregnancy rate. However, other authors 
using adjuvant clomiphene citrate reported no 
advantage. 


Varicocelectomy and azoospermia 


Recently, there has been renewed interest 
in varicocelectomy in the azoospermic patient. 
Some authors biopsied all azoospermic men 
who underwent microsurgical 
varicocelectomy .Improvement was observed 
after varicocelectomy in men with hypo- 
spermatogenesis (5 of 6), and maturation 
arrest (4 of 5), but not in the six men with 
Sertoli-cell-only syndrome. Testicular 
histology may predict technical success of 
varicocelectomy in the azoospermic patient. 
Even with the appearance of sperm in the 
ejaculate, it is likely that the infertile couple 
will require assisted reproductive technology. 
Complications of varicocele 
surgical and venographic 

Recurrence or persistence of varicocele 
after therapy is the most common 
complication of varicocele therapy. After 
surgical therapy, the recurrence rate has been 
reported to be between 0% and 20%. The 
recurrence after venographic techniques is 
reported to be between 2% and 12%. 
Obviously, there is wide variation in surgical 
and venographic skills, and success rates will 
depend on the experience of the radiologist or 
surgeon. 

There are complications that are specific 
to the various techniques. Surgical repair may 
be accompanied by hydrocele formations 
(3%), epididymitis (less than 1%), and rarely, 
wound infections. Non recurrence was 
reported for contemporary microsurgical 
varicocelectomy, and hydrocele formation was 
1.3%. With the retroperitoneal approach, the 
recurrence rates reported were 7% and 
hydrocele formation was 6.4%. 


therapy: 


The major complication associated with 
balloon occlusion of varicoceles is balloon 
migration. This has been reported, but no 
clinical sequelae were noted. Additionally, 
there are complications common to all 
invasive radiological techniques. Contrast 
extravasation is the most common, but 
reactions are rare. Spermatic vein phlebitis 
and pain occur infrequently; inadvertent 
femoral artery puncture may also occur. 
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Potential complications of the antegrade 
sclerotherapy technique include inability to 
cannulate the vein, testicular necrosis due to 
injection into the spermatic artery, and 
recurrence. The recurrence rate after 
antegrade sclerotherapy was 4.5% which 
was similar to the recurrence rate of 4.4% 
with Palomo technique. 


Section 8: Etiology of male infertility 


Chapter 45: Immunologic infertility 


Testicular immunology 


It is important to understand how the 
immune system functions in the male genital 
tract, as the testes are unique and considered 
an immunologically "privileged" site in the 
body. Immune reactions easily induced in 
other organ systems appear to be qualitatively 
different (decreased) in the testis. This is 
likely related to the unique way in which the 
immune system views sperm. The immune 
system develops tolerance to self antigens 
during embryologic development, well before 
the initiation of spermatogenesis. At puberty, 
meiosis begins in the testis with synchronized 
waves of sperm production. As germ cells take 
a haploid form, new cell- surface antigens are 
expressed that are novel to the immune 
system. As a result, mature spermatozoa 
appear "foreign" to the immune system. 
Despite the novelty of sperm proteins, it is 
surprising that autoimmunity to sperm does 
not occur more often than observed in the 
adult male. 


How is this immunological privacy 
maintained? Electron microscopic and 
immunohistochemical studies have shown 


lymphocytes and macrophages in the spaces 
between seminiferous tubules, but not within 
the tubules. This has led to the hypothesis that 
a "blood-testis barrier" exists. This barrier, 
more appropriately termed the "blood- 
seminiferous tubule barrier," has two 
components: an anatomic, or mechanical, 
barrier and a functional barrier. The 
mechanical barrier is created by muscle-like 
myoid cells that surround seminiferous tubules 
and that have been shown to exclude large 
molecules including immunoglobulins. The 
most important component of this barrier 
consists of synaptic tight junctions that form 
between Sertoli cells. These specialized 
attachments preclude the passage of large 
molecules and lymphocytes between cells. 
The occlusive nature of tight junctions has 
been confirmed by tracer studies, in which 
large molecules can access the basal, but not 
adluminal, compartment of the seminiferous 
tubule. 
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But even this mechanical barrier may be 
insufficient to guard developing spermatozoa. 
Tight junctions vary in density throughout the 
reproductive tract. This is best exemplified in 
the ductuli efferentes, where tight junctions do 
not surround epithelial cells. The resultant 
gaps allow large molecules to traverse the 
germinal epithelium, and gain exposure to the 


adluminal compartment. Thus, while the 
mechanical barrier contributes to immune 
isolation of the testis, other "functional" 


components must also exist. 


The functional barrier appears to involve 
suppression of immunoreactivity and down- 
regulation of the cell-mediated immunity. 
Three mechanisms likely work in concert to 
protect sperm from destruction. First, 
lymphocytes are diverted by the vascular 
endothelium and are not allowed to 
accumulate in anatomically vulnerable regions 
in germinal epithelium. Second, these 
vulnerable regions harbor mainly T suppressor 
cells. Third, sperm antigens may be 
improperly presented to lymphocytes, 
impairing the immune response. This may be 
due to deficiencies in the association between 
antigens and the human leukocyte antigen 
(HLA) system, or to defects in HLA proteins. 
By these mechanisms immunoreactivity is 
impaired and the functional barrier is 
maintained. Immunologic tolerance may also 
play a role in the functional testis barrier. 
Within the anatomically weaker areas (rete 
testis, efferent tubule, epididymis) there is a 
small, continuous leak of sperm antigens. This 
leak generates T suppressor cells and immune 
tolerance, similar to desensitization protocols 
for common environmental allergens. 
Cytokines may also contribute to immune 
tolerance, specifically interferon y, soluble Fc 
receptor, and transforming growth factor B. 
Hormones, and in particular androgens, also 
appear to regulate immunity. Finally, the 
seminal plasma may provide an 
immunologically privileged environment for 
ejaculated sperm within the female genital 
tract. 


Mechanisms of immunologic 
infer tility 
Antibody-mediated sperm autoimmunity 


The ability of sperm to induce antibodies 
has been known for a century, yet only in the 
last 50 years have we come to realize the 
implications for infertility. Up to 12% of men 
undergoing evaluation for infertility will have 
antisperm antibodies (ASA). ASAs have been 
found in serum, seminal plasma, and bound 
directly to sperm. The implication of serum 
antibodies is unclear, given that they must first 
transudate to the seminal fluid before sperm 
binding can occur. Although it could be 
postulated that serum antibodies act as a 
marker of immune infertility, their clinical 
importance remains uncertain. Antibodies 
within the seminal plasma are found both free 
and bound to sperm. Bound antibodies may 
have a higher avidity for particular sperm 
antigens than those that are free. 


Immune activation and 


production 


antibody 


Antibody production is classified as 
primary or secondary, depending upon the 
event that led to immune activation. "Primary" 
or "idiopathic" implies an unknown etiology 
of antibody production, whereas "secondary" 
implies a known traumatic, inflammatory, or 
obstructive event that culminated in exposure 
of auto-antigens to the immune system. 


Although several theories have been 
proposed to explain pathologic ASA 
production, most involve a breach of the 
anatomic or functional blood-testis barrier. 
Physical disruption of the barrier can occur in 
a variety of conditions, including testicular 
trauma, biopsy, vasectomy, or other testis, 
epididymal, or vasal surgery. Less obvious 
causes of ASA production include orchitis, 
testis cancer, torsion, cryptorchidism, and 
varicocele, all of which have been correlated 
with ASA production. 


Amongst the exposures in table 45.1, 
several have been studied in greater depth and 
merit further discussion. Following 
vasectomy, 50-80% of men will have serum 
levels of ASA. These levels are observed as 
early as two months following the procedure, 
tend to peak at one year, and decline by year 
2. Antibodies have been reported as late as 20 


years after vasectomy. Despite their presence, 
ASAs after vasectomy have very little clinical 
impact, since many men, despite elevated 
serum levels of antibody, are able to conceive 
normally following vasectomy reversal. 
Individuals with unilateral or bilateral genital 
tract obstruction appear to be at increased risk 
for ASA production. Elevated ASA liters have 
been found in 81% of men with obstruction, 
compared to 10% of men with other causes of 
infertility. Inflammatory conditions such as 
orchitis and prostatitis may also be associated 
with ASA production, but there is less 
evidence of that association. Assays for ASA 
in infertile men have found that men with 
varicoceles are two times more likely to have 
ASA titers than men without varicoceles. ASA 
production has also been demonstrated in men 
who have undergone testis biopsy. Lastly, 
genetics may influence ASA production, 
including the possibility that a predisposition 
for autoimmunity occurs with defects in 
thymic development. In addition, there is 
evidence that men with ASA are more likely 
to possess a particular HLA marker, namely 
HLA-B28. 


Table 45.1: Conditions linked with antisperm 
antibodies . 


Obstruction 

Vasectomy and reversal 
Idiopathic epididymal obstruction 
Ejaculatory duct Obstruction 
Congenital absence of the vas deferens 
Inflammation 

Orchitis 

Venereal disease 

Prostatitis 

Cancer 

Thermal 

Varicocele 

Cryptorchidism 

Hot baths, tubs 

Trauma 

Coital 

Torsion 

Testis biopsy 

Oral, rectal exposure 
Genetic 

Thymic mal-development 
HLA-B28 haplotype 


In cases of post-testicular obstruction or 
reproductive tract surgery, the substantial 
release of sperm antigens may inoculate the 
immune system, with plasma cell 
differentiation and ASA production. Unlike in 
states of immune tolerance, this "bolus" 
exposure of sperm antigens overwhelms the 
steady-state immunosuppression in the 
functional blood-testis barrier. 


Once an autoimmune response is initiated, 
many antibody types can be generated. 
However, only IgG, IgM, and IgA have been 
shown to be directed against sperm. Although 
IgM ASAs have been found in the seminal 
plasma, its large, pentomer structure likely 
prevents transudation to semen; therefore its 
role in immune infertility probably is limited. 
IgG is produced locally in the genital tract as 
well as transudated from serum, where it is 
produced in large quantities. Only 1% of 
serum IgG is observed in the seminal plasma. 
The presence of IgG in the seminal plasma 
despite absent serum levels suggests a 
mechanism for in -situ, local production as 
well. IgA is found in the seminal plasma but 
virtually never in serum. Based upon this and 
our understanding of IgA behavior in other 
organ systems, it is likely generated by local 
antigen inoculation. 


Mechanisms of antibody-mediated infertility 


Once antibodies are generated, infertility 
may be caused by mechanisms beyond simply 
a decrease in sperm concentration. Antibodies 
may impair sperm motility, passage through 
the female reproductive tract, and the 
capacity for sperm to properly interact with 
the oocyte during fertilization. Antibody 
binding to sperm may prevent penetration of 
the cervical mucus, and forms the basis of the 
cervical mucus test. When more than 50% of 
sperm are antibody-bound, the probability of 
adequate numbers of sperm penetrating 
cervical mucus is significantly reduced. 
Experimental studies suggest that the Fc 
region of IgA binds receptors within the 
mucus, impairing forward progression. Sperm 
bound by antibody can also cause 
agglutination, which decreases their efficient 
passage through the cervical mucus. These 
interactions are caused predominantly by IgA 
as opposed to IgG antibody, suggesting that 
the local antibody response may have a greater 
role in autoimmunity than the systemic 
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antibody response. Female antisperm 
antibodies may also cause poor sperm mucus 
penetration. In this case, sperm are quickly 
immobilized in the mucus after targeting by 
resident antibodies. 


In addition to inhibited passage through 
the mucus, antibody-bound sperm may also 
be targets for destruction. Sperm opsonization 
occurs throughout the female genital tract, 
including in the uterine cavity, fallopian tubes, 
and intra-peritoneally. Once opsonization has 
occurred, sperm are phagocytosed or fixed by 
the complement, and then lysed. 


Antisperm antibodies may also prevent 
normal gamete interaction by preventing 
normal binding to the zona pellucida. The 
interaction between sperm and egg is highly 
regulated by specific receptor-ligand binding. 
Opsonized sperm may be unable to bind 
appropriately to the oocyte. Clinically, this 
suggests that head-directed antibodies may be 
more deleterious than tail-directed antibodies 
for infertility. 

Oocyte penetration by sperm may also be 
affected by ASA. In-vitro experiments in 
which sperm have been incubated with the 
sera of ASA-positive men have demonstrated 
that ASA-coated sperm only poorly penetrate 
zona-free hamster eggs. Interestingly, this 
effect only occurs with antisperm IgG and 
IgM, but not IgA, which has led to the thought 
that complement fixation is key in preventing 
oocyte penetration. 


Cell-mediated sperm autoimmunity 


Cell-mediated autoimmune infertility is 
difficult to demonstrate. However, several 
lines of evidence suggest that it may be 
important for infertility. Clinically, this may 
be what is observed with spermatic cord 
torsion. 


Investigators have also attempted to 
quantify the cellular immune response in 
patients with a history of surgically repaired 
cryptorchidism. In this study, subject 
macrophages were purified and combined with 
homologous sperm to assess macrophage 
reactivity. Half of the patients with unilateral 
cryptorchidism and 80% of those with 
bilateral disease demonstrated immuno- 
reactivity. 


Could pyospermia or leukocytospermia 
also be a manifestation of cellular immunity to 


sperm? while there may be associations 
between certain seminal white blood cell types 
and abnormal semen parameters, there is 
insufficient evidence to link cellular 
autoimmunity with pyospermia. 


Cytokines, the soluble mediators of 
inflammation, are most likely linked to any 
autoimmune response to sperm. Impairments 
of sperm motility and hamster egg penetration 
have been observed in sperm exposed to 
cytokines such as interferon y, tumor necrosis 
factor, and the supernatant of activated 
lymphocytes. In addition, the leukocytes of 
vasectomy patients, when stimulated with 
sperm in vitro, have augmented cytokine 
production compared with those of men 
without vasectomy. Attempts to measure 
cytokines in seminal plasma have proven 
difficult, likely because of the abundance of 
proteolytic enzymes that degrade them. 


Diagnosis of immunologic 
infertility 
Tests of antibody-mediated immunity 


The diagnosis of antibody-mediated 
infertility lacks a pathognomonic clinical 
picture. However, an ASA assay should be 
obtained when: 


(1) The semen analysis shows sperm 
agglutination or clumping in the absence of 
clinical infection; 


(2) Low sperm motility exists, with history of 
testis injury or surgery; 


(3) There is confirmation that increased round 
cells are leukocytes; 


(4) Sperm "shaking" is observed on sperm- 
cervical mucus contact testing; 


(5) Poor penetration of mucus is observed on a 
postcoital test; 


(6) There is unexplained infertility. 


Immunologically mediated infertility is 
subtle and usually presents as unexplained 
infertility. During the male evaluation, 
attempts should be made to elucidate potential 
exposures that could predispose to ASA 
production. 


Despite attempts to correlate routine 
semen parameters with ASA, no specific set of 
parameters is truly predictive. In particular, 
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neither sperm concentration nor viability is 
associated with ASA presence. Decreased 
sperm motility can be caused by antibody 
coating of sperm, but other causes such as 
varicocele should be excluded. Additionally, 
sperm that are bound by antibody are more 
likely to clump and be observed as 
agglutination. Unfortunately, agglutination is 
nonspecific, and can also be due to infection. 


Examination of sperm behavior in 
cervical mucus, although not commonly 
performed, may help to identify ASA. 


Postcoital and cervical mucus penetration 
testing assess the capacity of sperm to 
penetrate cervical mucus. The finding of 
sperm that are shaking back and forth, 
without forward progression, may indicate 
ASA production. 


Several variables should be considered 
with ASA testing. As one might suspect, the 
greater the percentage of sperm coated by 
antibody, the greater the likelihood of 
infertility. Evidence to date indicates that a 
threshold is reached when over 50% of sperm 
are bound by antibody. Below this value, 
clinical studies demonstrate that post-coital 
tests approximate fertile controls. The location 
of antibody binding to sperm, or antibody 
"binding geography," may also differentially 
affect sperm function. Whereas tail-directed 
sperm antibodies are more likely to impair 
motility and cause agglutination, sperm 
head-directed antibodies may preferentially 
affect zona binding and fertilization, as 
suggested by immobilization and penetration 
assays. 


Antisperm antibody detection has evolved 


considerably since the first serum 
agglutination assays were used in the 1950s. 
Contemporary assays employ various 


methodologies with differing sensitivities and 
clinical implications (Table 45.2). In choosing 
an ASA assay, three important 
characteristics should be considered: (1) the 
body compartment in which ASAs are being 
measured, (2) which, antibody classes are 
detected, and (3) how sperm are prepared for 
the assay. Although ASAs are detectable in 
both serum and seminal plasma, consensus is 
that antibodies bound to sperm within the 
semen are the most important. As a result, 
assays for sperm-bound antibodies are 
considered the most relevant. Moreover, since 


only IgG and IgA are found in significant 
quantities within the reproductive tract, 
incorporating these antibody classes into the 
ASA assay is important. Lastly, although 
historically sperm were processed prior to 
ASA testing, contemporary assays use fresh, 
motile sperm to ensure that only surface 
antigens, and not confounding internal 
antigens, are identified. 


Currently, the most popular tests to 
identify ASA are the immunobead test (IBT) 
and the mixed agglutination-reaction (MAR). 
The IBT identifies immunoglobulins on the 
sperm surface by directing bead-bound 
antibody to the Fc portion of the ASA. Based 
upon the pattern of immunobead binding, this 
assay determines the proportion of sperm in 
the sample that are antibody-bound, the class 
of antibody bound, and the location on sperm 
where the antibody is bound. The MAR test 
uses similar principles of monoclonal antibody 
technology but employs sheep erythrocytes 
instead of immunobeads to detect and localize 
antibody-bound sperm. Unfortunately, by any 
current methodology, the lower limit of 
detection of sperm antibodies is not known, 
and thus the clinical relevance of these assays 
is limited. 

Tests of cell-mediated immunity 


Despite the idea that cell-mediated 
immunity plays a pivotal role in the 
pathology of immune infertility, few assays 
exist to quantify its role. This reflects not 
only the complexity of the cellular immune 
system, but also our lack of understanding of 
the exact cellular components that mediate 


infertility. A leukocyte migration assay has 
been described for the detection of delayed 
hypersensitivity to sperm. Isolated peripheral 
blood leukocytes from either partner are 
mixed with sperm, and leukocyte migration 
through the gel is assessed by video analysis. 
In mixtures where there is sperm-leukocyte 
reaction, leukocyte movement is inhibited. 
Early work with this assay examined 
antisperm reactivity in women. In a 
subsequent evaluation of fertile and infertile 
men with abnormal semen analyses, the same 
investigators found that all men with normal 
semen analyses had a normal assay result, 
whereas 53% of asthenospermic men (n = 32, 
< 50% motility) and 25% of men with 
oligoasthenospermia (n = 24, < 20 million 
sperm/mL and < 50% motility) had abnormal 
indices indicative of a cellular immune 
response to sperm. More useful assays for the 
detection of cell-mediated immune infertility 
will undoubtedly arise as our understanding 
of autoimmunity improves. 


Treatment of immunologic 
infertility 
Condoms 


Condom use represents a simple means 
by which continual inoculation of the female 
partner with sperm antigens is prevented. 
Although easy to use, with good supportive 
theory, no studies have demonstrated a 
decrease in ASA titers with condom use. 
More importantly, there is no correlation 
between a history of strict condom use and 
increased pregnancy rate. 


Table 45.2: Assays for the detection of antisperm antibodies. 


Technique Compartment Method 

Gel agglutination test Serum Agglutination 

Tray slide agglutination test Serum/sperm Micro-agglutination 
Sperm immobilization test Serum Immobilization 
Immunofluorescence Processed sperm Antibody fluorescence 
Micro-tray agglutination test Serum/sperm Micro-agglutination 
Mixed agglutination reaction Sperm Agglutination of erythrocytes 
Radio-labeled antiglobulin test Sperm Radio-immunoassay 
Immunobead test Sperm Agglutination of beads 
ELISA Fixed sperm Colorimetry 

Flow cytometry Sperm Antibody fluorescence 
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Systemic immunosuppression 


Similar to other autoimmune diseases, 
suppression of the immune system is a 
cornerstone of autoimmune infertility 
treatment. The most common pharmacologic 
agents employed for immune suppression are 
corticosteroids. Corticosteroids prevent the 
chemotaxis of inflammatory cells, impede 
cytokine release, decrease antibody 
production, and even weaken antigen-anti- 
body association. Although the exact 
molecular mechanisms by which 
corticosteroids act is not fully understood, it is 
clear that they have a suppressive effect upon 
both the humoural and cellular arms of 
immunity. 


More than a dozen studies, performed 
over the last four decades, have investigated 
the effect of steroid treatment on in-vivo 
conception rates. The results of treatment 
appear encouraging, with natural pregnancy 
rates ranging from 9% to 50% during 
treatment. 


In 1990, some authors randomized 43 
couples to treatment of twice-daily doses of 
prednisone 20 mg, on days 1-10 of the 
menstrual cycle for a total of nine months 
followed by a washout period and crossover. 
The authors found that those men undergoing 
treatment were three times more likely to 
achieve conception than those receiving 
placebo (31% vs. 9%). While neither semen 
parameters nor serum antibody liters differed 
between treatment groups, titers of antibodies 
in the seminal fluid declined precipitously 
(often becoming undetectable) in the treatment 
group. 

Sperm washing 


The goal of sperm washing is to remove 
bound antibody. Several techniques have been 
described to remove ASA from seminal fluid 
as well as from sperm. However, the 
dissociation of tightly bound antibodies can be 
difficult. While rapid dilutional washing of the 
seminal fluid may remove unbound 
antibodies, it has little impact upon those that 
are already bound. Detergent-based washes 
may remove antibodies but can severely 
damage sperm. Enzymatic cleaning has been 
described using a protease specific to the Fc 
region of IgA. Cleaning by this method 
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reduces immunobead binding and increases 
cervical mucus penetration. To be effective, 
all sperm washing techniques should be 
combined with intrauterine insemination 
(IUI), or with higher levels of assisted 
reproduction. 


Intrauterine insemination (IUI) 


One cause of immune- mediated 
infertility is the inability of opsonized sperm 
to adequately penetrate the cervical mucus. 
The rationale for IUI in this situation is to 
place more sperm beyond the cervix in the 
female reproductive tract, sperm that would 
have been caught in cervical mucus due to 
ASA. Given that antibody-bound sperm may 
have a shorter survival time within the female 
genital tract, accurate estimation of ovulation 
could improve the success of this technique. 


Retrospective case reviews suggest that 
IUI, combined with ovulatory stimulation, 
may be successful. Some authors 
implemented IUI in a cohort of couples with 
poor postcoital tests, and found pregnancy 
rates of 5%, 9.7%, and 14.3% per cycle with 
un-stimulated, clomiphene citrate, and 
gonadotropin-stimulated IUI, respectively. 
Additionally, these authors found decreased 
pregnancy rates in cases in which antibodies 
were directed to the sperm head, when 
compared to those directed to the tail. Other 
investigators have reported pregnancy rates 
ranging from 14% to 25% per cycle using 
washed sperm with IUI. JUI is best suited for 
treatment of infertility when there is evidence 
of a cervical mucus problem, whether it is due 
to antibodies or not, as demonstrated by the 
inability of sperm to penetrate the cervical 
mucus. 


In-vitro fertilization 


In-vitro fertilization (IVF) refers to the 
co-incubation of harvested ova and processed 
sperm followed by fertilization within the 
laboratory and subsequent transfer of 
embryos to the uterus. Relatively low 
numbers of sperm (100 000/oocyte) are 
required for successful IVF in cases of 
female-factor infertility, thus making it useful 
for male-factor infertility as well. Note that 
only one normal sperm is needed for ICSI. 
When IVF is used to treat immune infertility, 
the fertilization and pregnancy rates are lower 


than those observed for other indications, with 
overall pregnancy rates ranging from 14% to 
35% per cycle. The impact of ASA type and 
degree of sperm binding on IVF success has 
been investigated. The results clearly suggest 
that extensive binding by both isotypes of 
ASA (IgA, IgG) impede IVF success. 


IVF-ICSI 


In cases in which immune infertility is not 
overcome by IVF, intracytoplasmic sperm 
injection (ICSI) may be used. With this 
technique, individual sperm are aspirated into 
a microscopic pipette after mechanical 
immobilization by crushing the sperm tail. The 
sperm are injected directly through the zona 
pellucida covering the unfertilized oocyte, 
through the peri-vitelline space that separates 
the oocyte from the zona pellucida, and 
directly into the egg cytoplasm. With ICSI, 
the numerical sperm requirement for egg 
fertilization is as low as one viable sperm for 
each retrieved oocyte. ICSI reliably allows 
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viable sperm with limited intrinsic fertilizing 
capacity, including "immature" sperm 
obtained surgically, to fertilize eggs. While it 
has been used to overcome many forms of 
severe male-factor infertility, [CSI also has 
the potential to overcome antibody-mediated 
infertility by bypassing the interaction 
between sperm and the zona pellucida and 
oocyte membrane. Some authors compared 
IVF and ICSI fertilization rates among several 
groups of patients: 22 couples who had ICSI 
for (MAR-positive) antisperm antibodies, 20 
couples who used ICSI for other reasons 
(MAR-negative), and 37 MAR-positive 
couples who had IVF alone. Normal 
fertilization rates were similar between MAR- 
positive and MAR-negative couples with ICSI 
(79% vs. 68%), but were significantly greater 
in ICSI than in IVF alone in MAR-positive 
couples (79% vs. 44%). Similarly high ICSI 
fertilization rates in ASA cases have been 
obtained by other investigators. 


Section 8: Etiology of male infertility 


Chapter 46: Male infertility due to genital tract 


infection 


Genital tract infections 


The male genital tract proximal to the 
urethra is typically sterile, and several 
components of the male reproductive system 
are immunologically sequestered. Without a 
fully competent immune response, the genital 
tract may be prone to infections. These 
infections may be either bacterial or viral, and 
manifest in acute, chronic, or subclinical 
processes. Infections of the male 
genitourinary (GU) tract can adversely 
impact male fertility by impairing 
spermatogenesis, disrupting sperm function, 
causing obstruction of the genital ductal 
system, inhibiting accessory gland function, 
or causing inflammation secondary to leu- 
kocyte response. 


Acute infections of the genital tract are 
indicated by patient history and can present 
with irritative voiding symptoms, urethral 
discharge, orchalgia, or painful ejaculation. 
Traditional diagnostic criteria consist of two 
or more of the following parameters: (1) 
history of GU infection and/or abnormal 
rectal examination, (2) abnormal expressed 
prostatic secretions and/or urinary sediment 
after prostatic massage, (3) > 10° bacteria/mL 
ejaculate, or (4) > 10° leukocytes/ml ejaculate. 


Subclinical infections are more difficult to 
recognize and diagnose than acute infections. 
This is true not only because patients are 
largely asymptomatic, but also because some 
of these infections may actually represent 
contamination from commensal, 
nonpathogenic organisms. Additionally, due to 
antibacterial effects of semen, there are 
limitations in culturing all potential pathogenic 
organisms. Several investigators have 
demonstrated that bacterial isolates from 
semen of men in subfertile couples are often 
commensal, nonpathogenic organisms. 
Furthermore, these isolates often do not 
correlate with leukocytospermia (WHO) or 
pregnancy rates. 
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Sites of infection 
Urethritis 


Infections of the urethra are most 
commonly due to sexually transmitted 
pathogens, and they are separated into two 
broad categories: gonococcal urethritis (due to 
Neisseria gonorrhoeae) and non-gonococcal 
urethritis (Chlamydia trachomatis, 
Mycoplasma species, Trichomonas vaginalis). 
Patients with urethritis typically present with 
urethral discharge and dysuria. However, 
asymptomatic carrier states may occur, 
especially in partners of those with known 
infections. The proper diagnostic workup of 
suspected urethritis includes: (1) Gram stains 
of a urethral smear, (2) leukocyte 
quantification of a first-void urine sample, and 
(3) specific isolation techniques such as endo- 
urethral culture, PCR, or ELISA. Based on 
these modalities, a urethral Gram stain 
containing > 4 leukocytes per microscopic 
field (x1000) or a first-void urine sample smear 
containing > 15 leukocytes per microscopic 
field (x400) is regarded as a positive result. 
Consideration should be given to empiric 
treatment for both gonococcal and non- 
gonococcal organisms when a diagnosis of 
urethritis is suspected, as co-infection is 
common and the responsible pathogens are 
often unknown at the time of initial evalua- 
tion. Typically, a one-time dose of ceftriaxone 
and a week of doxycycline therapy are 
recommended or one 2 g dose of azithromycin. 


Prostatitis 


Drach et al. described the first widely 
used classification system for prostatitis. 
Briefly, the authors presented four classes 
based on localization techniques and clinical 
correlates: acute bacterial prostatitis (ABP), 
chronic bacterial prostatitis (CBP), 
nonbacterial prostatitis (NBP), and 
prostatodynia (Pd). This classification is no 
longer commonly employed, and the National 
Institutes of Health (NIH) system is now 


preferred. The NIH system categorizes 
prostatitis into four main divisions: type I - 
acute bacterial, type II - chronic bacterial, type 
IMI - chronic (abacterial) prostatitis/ chronic 
pelvic pain syndrome (CP/CPPS), and type IV 
- asymptomatic inflammatory. 


Type I prostatitis is generally the result of 
ascending urinary tract infection (UTI) of 
typical uropathogenic organisms. Patients 
usually present with constitutional symptoms, 
perineal or prostatic pain, and voiding 
complaints. Complications include prostatic 
abscess, especially in immunocompromized 
patients and diabetics. A long-term course of 
antibiotics for 2-3 weeks is the mainstay of 
treatment for uncomplicated cases. Type IT 
prostatitis is defined as prostatic inflammation 
and recurrent UTI with a bacterial pathogen 
localized to the prostate. Common pathogens 
include E. coli and other UTI-causing Gram- 
negative organisms (Klebsiella spp., Proteus 
spp., P. aeruginosa, Enterococcus  spp.). 
Unlike type I prostatitis, type II prostatitis is 
typically not associated with fever. However, 
both type I and type II prostatitis are often 
alleviated with antibiotics. Treatment requires 
extended therapy (as long as 6-12 weeks) with 
antibiotics that are lipophilic, thus able to 
penetrate the prostate. Trimethoprim- 
sulphamethoxazole and fluoroquinolones are 
examples of antibiotics usually effective in 
this setting. Care must be taken in 
administering prolonged courses of 
fluoroquinolones, because of the increased 
risk of associated tendonitis and tendon 
rupture. Type III prostatitis or CP/CPPS is a 
complex entity consisting of prostatic pain and 
voiding difficulties, with 90% of symptomatic 
prostatitis patients grouped into this category. 
Type II prostatitis is further divided into type 
TWA and type HIB. Type IIA, or 
inflammatory type, presents with leukocytosis 
on expressed prostatic secretions (EPS) or 
post-prostatic massage urinalysis. Type IIIB, 
or non-inflammatory, is also known as Pd. 
Interestingly, some authors demonstrated that 
a 12-week course of antimicrobial therapy 
does alleviate symptoms in CP/CPPS, despite 
the absence of documented bacterial infection 
that defines this condition. Lastly, type IV 
prostatitis is an incidental finding on prostate 
biopsy or expressed prostatic secretions. The 
effect of prostatitis on male fertility will be 
discussed later in this chapter. 
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Epididymitis 

Epididymitis is one of the most common 
causes of acute scrotum, presenting with 
ipsilateral scrotal swelling and pain. Systemic 
symptoms such as fever and leukocytosis are 
seen in 30-50% of patients. The organism 
responsible for the infection typically is 
dependent on patient demographics. Sexually 
active men under the age of 35 are often 
infected with C trachomatis or N. 
gonorrhoeae, with accompanying symptoms 
of urethritis. In many patients, exposure to the 
organism may have occurred several months 
before presentation. Chlamydia accounts for 
two-thirds of the total cases of urethritis in 
these men and is two to three times more 
common than gonorrhea. Similar to urethritis, 
co-infection is not uncommon in epididymitis, 
occurring in approximately 30% of cases. For 
men over 35 years of age, men with recent 
urinary tract instrumentation or surgery, or 
men with anatomical abnormalities, E. coli is 


often the etiological organism causing 
epididymitis. Treatment of epididymitis 
should be pathogen-specific, with 


consideration given to patient demographics 
during initial evaluation. 


In the case of acute epididymitis, several 
authors have observed that both sperm 
concentration and forward motility are 
transiently impaired. However, with 
appropriate antibiotic treatment, decreased 
semen parameters and impaired sperm 
function often normalize. 


Orchitis 


Viruses represent a significant 
reproductive tract pathogen, capable of 
causing testicular inflammation and infection. 
These infections typically arise via 
haematogenous routes rather than by 
contiguous spread. Paramyxovirus, which 
causes mumps, is one viral agent capable of 
inducing significant GU pathology. Mumps 
infrequently involves the testicles in 
prepubertal boys, though orchitis occurs in 
approximately 20% of affected postpubertal 
males. Testicular pain and enlargement 
typically occur 4-6 days after the onset of 
parotitis, but testicular involvement is 
subclinical in 30-40% of cases, Orchitis is 
bilateral in approximately 30% of affected 
patients. Historical data reveal associated 
infertility rates of 25% in bilateral disease, but 


this problem is uncommon today due to the 
advent of the mumps vaccine. Testicular 
atrophy is observed in 30-50% of patients with 
mumps orchitis, and infertility may be an 
associated long-term consequence. Like 
paramyxovirus, coxsackie B virus may also 
result in viral orchitis similar to mumps. 


Bacterial orchitis, unlike viral orchitis, 
often results from contiguous spread of 
infection from the epididymis. Common 
pathogens include N. gonorrhoeae, C. 
trachomatis, Gram-negative bacilli (E. coli, K. 
pneumoniae, P. aeruginosa), and Gram- 
positive cocci (staphylococci and streptococci). 
Patients may present with fever, testicular pain 
and swelling, and often an acute, reactive 
hydrocele. Medical management is similar to 
that administered in the case of epididymitis, 


as treatment is pathogen-specific with 
consideration to the given patient 
demographic. Surgical intervention is 


indicated for testicular infarction or abscess. 


Specific bacterial infections of the male 
genital tract 


Neisseria gonorrhoeae 


N. gonorrhoeae is a common cause of 
urethritis. Although most affected males are 
symptomatic, as many as 10% of men with N. 
gonorrhoeae urethritis are asymptomatic. 
Ascending infections in men involving 
genitourinary tract structures other than the 
urethra are rare (estimated at less than 1%), 
but when epididymitis or orchitis does occur, 
testicular damage or excurrent ductal 
obstruction can result. 


Chlamydia trachomatis 


C. trachomatis is the most common 
cause of non-gonococcal urethritis and acute 
epididymitis in men of reproductive age, and 
is also the most common sexually transmitted 
disease. Ten to twenty-five percent of infected 
men may be asymptomatic with chronic, 
subclinical disease. Infertility may arise 
because C. trachomatis is an obligate 
intracellular organism capable of causing a 
variety of pathological changes including 
epididymitis, orchitis, testicular atrophy, 
genital ductal obstruction, germinal 
epithelial cell damage, and blood-testis 
barrier breakdown leading to antisperm 
antibody production. 
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The relationship between C. trachomatis 
infection and semen quality is an actively 
debated topic. Multiple studies have 
demonstrated a detrimental impact on semen 
parameters and stimulation of antisperm 
antibody (ASA) production. However, other 
investigators have found no relationship 
between chlamydial infections and semen 
parameters, ASA production, sperm 
penetration, or leukocytospermia. 


Mycoplasma 


Four species of mycoplasma exist, two of 
which are pathogenic in human beings: 
Mycoplasma hominis and  Urea-plasma 
urealyticum. U. urealyticum is a significant 
cause of urethritis, and is believed to be 
responsible for up to 25% of non-gonococcal 
urethritis. Similar to other bacterial causes of 
urethritis, mycoplasma infections may present 
acutely or remain subclinical, and the actual 
impact of U. urealyticum and M. hominis on 
male fertility is controversial. 


Infertile males with U. urealyticum 
infections had significantly improved sperm 
motility following treatment. 


Other authors have noted that men with 
U. urealyticum infections have reduced sperm 
count with reduced concentration, motility, 
and morphology. Semen samples with 
mycoplasma (U. urealyticum and M. hominis) 
had decreased motility, morphology. 
hyperactivation and acrosome reactivity 
when compared with controls. 


U. urealyticum is 
increased sperm chromatin 
damage. 


associated with 
and DNA 


Studies suggest that direct attachment of 
mycoplasma to sperm may impair sperm 
penetration of eggs. Semen samples from 
men presenting for a chronic prostatitis 
evaluation who were culture-positive tor U. 
urealyticum had significantly elevated 
reactive oxygen species (ROS) compared with 
those who were culture-negative. Therefore, 
ROS may also lead to damaged sperm 
membranes and DNA, providing additional 
mechanisms for fertility impairment. 


In contrast to the above findings, some 
authors noted no difference between the 
frequency of U. urealyticum in the semen of 
infertile and fertile men. Furthermore, several 


studies demonstrated no statistical difference 
in sperm count, motility, or morphology when 
infertile patients with and without U. 
urealyticum infections were compared. These 
results were corroborated by other authors 
who found no significant differences in semen 
parameters, mucus penetration, or oocyte 
penetration between semen samples with and 
without U. urealyticum. Although the impact 
of mycoplasma on male-factor fertility is 
controversial, several studies suggest that the 
adverse effects on sperm function arise from 
ROS production, DNA damage, and direct 
attachment of mycoplasma to spermatozoa. 
Therefore, treating patients with an 
appropriate course of antimicrobial therapy 
such as Doxycycline should be considered, as 
doxycycline eradicates infection in the 
majority of cases. 


Gram-negative infections 


Gram-negative infections, in particular E. 
coli, are the most common cause of non- 
gonococcal bacterial infections of the male 
genital tract. While these infections are often 
symptomatic, they may manifest as subclinical 
epididymitis or prostatitis. 


Overall, the incidence of Gram-negative 
infections is low in young men. While several 
in-vitro studies suggest mechanisms for male 
fertility impairment by Gram-negative 
organisms, (binding of E-coli to sperm leading 
to agglutination and decreased sperm motility 
and penetration) a paucity of similar findings 
in the clinical literature suggests that these 
organisms may have limited male 
reproductive pathogenicity. 


Trichomonas vaginalis 


T. vaginalis is a sexually transmitted 
protozoan organism that accounts for a 
minority of non-gonococcal urethritis cases. T. 
vaginalis-positive semen from asymptomatic 
men, demonstrated decreased sperm motility, 
decreased morphology, altered membrane 
integrity, and increased viscosity versus 
controls. Treatment with a single course of 


metronidazole resulted in significantly 
improved semen parameters in 50% of 
patients. 
Viruses 


Viruses may impact male fertility by 
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stimulating direct cytotoxic immune 
mechanisms and indirect inflammatory 
processes. They can infect the genitourinary 
system via the blood stream or, less 
commonly, via the urethra. Viruses depend 
on host cells for replication, and these 
pathogens are capable of invading epithelial, 
neuronal, and immune cells present in the 
genitourinary tract. Viruses are effectively 
detected in semen by sensitive and specific 
DNA amplification techniques including 
PCR and LCR. 


The herpes virus family consists of herpes 
simplex virus (HSV) types 1 and 2, 
cytomegalovirus (CMV), Epstein-Barr virus 
(EBV), varicella-zoster virus (VZV), and 
human herpes virus (HHV) types 6, 7, and 8. 
These viruses are collectively responsible for 
an array of disease processes ranging from 
simple rashes to malignancy. 


Investigators detected HSV in 49.5% in 
semen samples of infertile patients and 
reported significantly decreased sperm 
concentration and motility in HSV-positive 
patients versus HSV-negative patients. CMV 
and EBV were also studied, but neither 
impacted semen parameters. 


Early HIV infections are generally not 
associated with abnormalities in semen 
parameters. However, with disease 
progression to AIDS (i.e., CD4 + count < 200 
cells/mm’ or symptomatic disease), significant 
seminal abnormalities (impaired 
concentration, morphology, motility, 
viscosity) and leukocytospermia are often 
evident. Treatment of HIV with the 
antiretroviral zidovudine (AZT) is not 
associated with detrimental changes in semen 
parameters. 


The era of highly active antiretroviral 
therapy (HAART) has dramatically changed 
the lives of patients with HIV, resulting in 
increased life expectancy and improved 
quality of life. With the advent of HIV sperm 
washing techniques, parenthood has been 
achieved by male HIV patients using assisted 
reproductive technology (ART). Sperm 
washing is based on the principle that the 
HIV virus is found in seminal plasma and 
seminal leukocytes, but is not associated with 
sperm. 


Leukocytospermia and male- 
factor infertility 

Mediators of inflammation 

Immune cells present in human semen 


Studies suggest that increased 
concentrations of leukocytes in the genital 
tract and semen are associated with infertility. 


Several authors have noted a negative 
correlation between the presence of seminal 
leukocytes and other semen analysis 
parameters. Infertile men with leuko- 
cytospermia had significant reductions in total 
sperm number and parameters of motility 
(percent sperm motility, motility index, total 
motile sperm, and sperm velocity). In semen 
of infertile men, leukocyte concentration 
(peroxidase) was negatively correlated with 
sperm morphology, motility, and hypo- 
osmotic swelling. Infertile men with 
leukocytospermia (peroxidase) had worse 
sperm motility and morphology than both 
infertile men without leukocytospermia and 
fertile controls. 


Several authors have reported adverse 
effects of leukocytes on the sperm penetration 
assay. In semen samples of male partners of 
infertile couples, granulocyte concentration 
(peroxidase) greater than 5x10° cell/mL and 
2x10° cells/mL were associated with 
significant differences in sperm concentration 
and morphology, respectively. 


The clinical relevance of 
leukocytospermia in regard to male fertility is 
controversial, as other reports argue against 
detrimental effects of leukocytes on 
spermatozoa. Some authors demonstrated that 
leukocytospermia (WHO) had no influence on 
sperm morphology, motility, oocyte 
penetration, or acrosome reaction. Semen of 
fertile men had higher concentrations of 
leukocytes and granulocytes than semen from 
sub/infertile men. The authors suggest that 
leukocytes in the semen may represent both a 
nonspecific defense mechanism and a 
scavenging system for damaged, dead, and 
immature sperm. These findings suggest a 
potential protective role of leukocytes, 
especially granulocytes, in sperm quality. 


Oxidative stress and reactive oxygen species 


ROS serve normal physiological roles in 
cellular messaging systems. However, in 
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pathological states, the inherent reactivity of 
ROS overwhelms endogenous antioxidant 
systems and is the principal force mediating 
oxidative stress-induced cellular damage. 


In the context of the testicular 
microenvironment two cell populations are 
involved in the production of ROS: 
spermatozoa (especially damaged 


spermatozoa) and seminal leukocytes - most 
notably granulocytes. Recently, immature 
spermatozoa within the ejaculates of male 
subjects were also shown to produce more 
ROS than mature spermatozoa. 


Granulocytes are responsible for the 
majority of the ROS burden, contributing an 
estimated 10° greater magnitude than 
contributed by spermatozoa. In regard to the 
pathogenesis of male-factor infertility, 
oxidative stress results in lipid per-oxidation 
(LPO) of the sperm membrane with resultant 
membrane dysfunction and DNA damage. 


Several studies have established that 
chemically induced oxidative stress results in 
LPO of the sperm membrane with abnormal 
changes in membrane composition, significant 
impairment in sperm motility, and disordered 
sperm-oocyte fusion. ROS may decrease 
sperm motility through axonemal damage and 
depletion of ATP. 


Studies investigating semen samples from 
male patients undergoing infertility 
evaluations demonstrated significant 
associations between ROS production and 
impaired sperm function. ROS levels were 
negatively correlated to both sperm-oocyte 
fusion (zona-free hamster oocyte penetration 
test) and in vivo fertility. In semen of infertile 
men, leukocytospermia (peroxidase) was 
positively correlated to oxidative stress and 
negatively correlated to acrosin (enzyme 
involved in the acrosome reaction) activity. 
Overall an inverse correlation between 
oxidative stress and acrosin activity was also 
reported. 


Several investigators have reported that 
leukocyte-induced oxidative stress is only 
associated with sperm dysfunction in washed 
spermatozoa preparation which are devoid of 
seminal plasma. Several lines of investigation 
demonstrate the protective role of seminal 
plasma against oxidative stress-induced 
sperm dysfunction. The seminal plasma of 


infertile men also has lower levels of total 
antioxidant capacity, lower levels of 
individual antioxidants, and correspondingly 
higher levels of lipid per-oxidation than 
seminal plasma from fertile controls. 


DNA damage results from oxidative 
stress and, in turn, decreases the genetic 
viability of spermatozoa. Spermatozoa DNA 
from infertile male demonstrated greater 
oxidative damage than controls. 


Male subjects with leukocytospermia 
demonstrated a significant increase in sperm 
DNA damage versus healthy donors and 
patients without leukocytospermia. Leuko- 
cytospermia may increase DNA damage in 
infertile men via ROS. 


Elastase 


As previously discussed, leukocytes in 
semen from infertile men may result in 
cellular spermatozoal damage through the 
release of ROS. Since granulocytes are the 
major constituent of seminal leukocytes, other 
-mediators of granulocyte-induced cellular 
damage may be present in the semen of 
infertile men with leukocytospermia. 


Some authors demonstrated that in male 
patients with infertility, concentrations of 
granulocyte elastase were positively correlated 
to white blood cell (WBC) concentration 
(measured by immuno-histochemistry). These 
results were corroborated by studies finding 
elevated levels of granulocyte elastase in 
infertile men with leukocytospermia. 


Cytokines 


Cytokines are the principle molecular 
signals of the immune system and are released 
by both lymphocytes and monocytes. Certain 
cytokines activate cellular proliferation and 
inflammatory mechanisms, ultimately 
resulting in oxidative stress, while others act 
in direct opposition to inflammation. If 
leukocytospermia results in increased 
oxidative stress, then a preponderance of 
increased pro-inflammatory and decreased 
anti-inflammatory cytokines with resulting 
impairment of sperm function should be 
appreciated. 


Studies suggest that pro-inflammatory 
cytokine (TNF-a, IL-1, IL-2, IL-6, IL-8)are 
increased in infertile men with 
leukocytospermia and may impair sperm 
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function, and they suggest an important role 
for both monocytes and lymphocytes in the 
pathophysiology of leukocytospermia. The 
release of cytokines from these cells activates 
the immune system specifically triggering the 
proliferation and activation of T lymphocytes, 
B lymphocytes, granulocytes and 
macrophages. Ultimately, a cascade of 
inflammatory changes leads to impaired sperm 
function (sperm count, motility, and 
penetration). 


Antisperm antibodies 


Antisperm antibodies (ASA) are present 


in 3-12% of men seeking evaluation at 
infertility clinics. ASA interfere with 
fertilization via several mechanisms: 
agglutination of sperm, prevention of 


cervical mucus penetration, and inhibition of 
sperm-oocyte interaction/fusion. Production 
of ASA is postulated to result from three basic 
changes in the affected patient: namely, the 
breakdown of the  blood-testis barrier, 
inoculation of the host with sperm antigens, 
and failure of immunosuppression. Infections 
of the genital tract, such as acute and chronic 
prostatitis, are well-known risk factors for 
ASA generation. Some authors demonstrated 
in men evaluated for infertility that 
leukocytospermia (peroxidase) was 
significantly correlated to mixed agglutination 
reaction (MAR) IgG and IgA results. Other 
studies have reported a high prevalence of 
ASA in infertile men with leukocytospermia. 


Humoural immunity mediated by T- 
helper and B lymphocytes (rather than 
granulocytes) drives the production of ASA, 
with B cells detected in 20-59% of semen 
samples of infertile patients. In the testicular 
microenvironment, the release of cytokines 
such as IL-1, IL-2, and IL-6 together with T- 
helper cells, may activate and differentiate 
these localized B cells into plasma cells and 
induce production of ASA. 


Detection of leukocytosper mia 


Currently, the WHO defines 
leukocytospermia as > 1 x 10° WBCs/mL 
semen. This recommendation is derived from 
Comhair's threshold of 1x10° peroxidase- 
positive leukocytes per mL semen for the 
diagnosis of male adnexitis (male accessory 
gland inflammation). Several tests available to 
identify and quantify seminal leukocytes are 
discussed below. 


Histology/morphology 
Round cell counts 


The concept of "round cells" is 
important when considering leukocyte 
quantification. Round cells refer to the 
similar morphology shared by both seminal 
WBCs and immature germ cells when 
viewed under phase microscopy. One study 
demonstrated that a majority of round cells 
were immature germ cells, while less than 
5% were WBCs. Another study noted that in 
men presenting for an infertility evaluation, 
leukocytospermia was present in 35% of 
semen samples with excessive round cells (> 
10/hpf or 1 x 10% mL). The authors 
concluded that the majority of patients with 
excessive round cells do not have leuko- 
cytospermia. Quantification of round cells 
by phase microscopy alone is not an 
accurate method for the determination of 
leukocytospermia. 


Peroxidase/Endtz 


The peroxidase test, stains for the 
peroxidase enzyme present in granulocytes 
and thus measures only this subpopulation of 
the WBCs. Because granulocytes are typically 
the most prevalent WBC found in semen, the 
peroxidase test is clinically useful and 
recommended by the WHO for granulocyte 
detection. 


However, WBC concentrations as 
measured by immunohistology were 
significantly higher than those measured by 
peroxidase testing. In fact, leukocytospermia 
was detected in 8.9% of samples assayed by 
peroxidase, whereas this number rose to 
15.2% of samples when immunohistology was 
employed. 


Immunological techniques 


Immunohistology 

The "gold standard" for WBC detection 
and quantification is immunohistology. 
Immunohistology employs monoclonal 
antibodies (mAb) targeted against WBC 
surface markers. Alternatively, immuno- 
fluorescence (mAb-stained cells emit a 


colored light) may be utilized. Overall, 
immunohistology provides the most accurate 
means of leukocyte detection and 
quantification. 
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Products of leukocytes / Inflammatory 
markers 


Elastase 


Granulocyte elastase is an enzyme 
specific to activated granulocytes, and it can 
be detected in fresh or frozen-thawed seminal 
plasma by immunoassay. Elastase levels are 
generally categorized into three groups: < 250 
ng/mL = no inflammation; 250-1000 ng/mL = 
intermediate range; and > 1.000ng/mL 
genital tract inflammation. Some authors 
found that elastase detection using ELISA 
correlated strongly with immunohistochemical 
means of granulocyte detection. Other authors 
found a strong correlation between 
granulocyte elastase and ROS production. 
Granulocyte-elastase assessment results in an 
objective measure of activated seminal 
granulocytes, but the large cost associated 
with using ELISA may deter its use. 


Treatment of leukocytospermia 


Several treatment options exist to protect 
spermatozoa from the deleterious effects of 
leukocytes and therefore optimize semen 
quality. The four major pharmacologic 
approaches are antimicrobial therapy to treat 
clinical or subclinical infection, anti- 
inflammatory medications (such as COX-2 
inhibitors), antioxidant therapy to minimize 
associated oxidative stress, and antihistamines 
to stabilize mast cells. 


Antibiotics 


A great deal of evidence supports the use 
of antibiotics to reduce leukocytospermia. In 
addition to treating infection, the goal of 
therapy is to restore sperm quality via an 
increase in sperm velocity, sperm number, 
percent motility, and total motile sperm. 


Improvement of semen parameters is 
thought to occur via several mechanisms: 


e Reduction of pro-inflammatory cytokines 


(IL2, IL-8). 

Increase of anti-inflammatory cytokines 
(IL-4). 

Reduction of oxidative stress by increasing 
antioxidant activity. 

Reduction of antisperm antibodies. 


Some authors reported a pregnancy, rate 
of 53% with treatment of infertile men having 
leukocytospermia with doxycycline given 


100mg twice daily for 7 days follower by 
100mg once a day for 21 days. The female 
partner was treated simultaneously with 
100mg twice daily for 5 days and 100mg once 
daily for 5 more days. 


Other authors reported resolution of 
leukocytospermia in 76% of infertile males 
after one month treatment with trimethoprim 
80mg, sulphamethoxazole 400mg orally twice 
per days. 


However, other authors found that 
antibiotic therapy of infertile men with 
leukocytospermia did not improve semen 
parameters. Thus the efficacy of antibiotics 
treatment of isolated leukocytospermia 
remains in question. 


COX-2 inhibitors 


Recently, some authors conducted a 
prospective non-randomized study examining 
the use of cyclo-oxygenase-2 (COX-2) 
inhibitors in 12 patients with abacterial 
leukocytospermia. COX-2 inhibitors are anti- 
inflammatory medications that inhibit 
prostaglandin production. The patients were 
treated with valdecoxib 20 mg/day for two 
weeks. Following treatment, the authors 
found a reduction in leukocyte concentration 
from 5.5 x 10° WBCs/mL to 1.0 x 10° 
WBCs/mL. Furthermore, sperm count was 
significantly increased, though motility and 
morphology did not improve. These results 


suggest a beneficial role for COX-2 
inhibitors in patients with  abacterial 
leukocytospermia. 
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Antioxidants 


Some authors reported that treatment of 
abacterial prostatovesiculitis with non- 
steroidal anti-inflammatory drugs (NSAIDs) 
for 2 months followed by carnitine 
(antioxidant) for another 2 months led to 
reduction of leukocytospermia and 
improvement of sperm motility, presumably 
through reduction of ROS. 


Antihistamines 


Some authors treated infertile men with 
ketotifen Img twice daily for 1 month and 
reported reduction of WBCs from 5x10° 
WBCs/mL to O WBCs/ml with improvement 
of sperm motility and morphology but not 
sperm count. Ketotifen is an anti-histamine- 
like drug with mast cell stabilizing effects that 
inhibits WBC degranulation and the release of 
inflammatory mediators. 


Prostatitis, male and leuko- 
cytosper mia 

The effect of prostatitis on male fertility 
is controversial. Much of research has focused 
on type III prostatitis or CP/CPPS. Some 
authors demonstrated that men with type III 
prostatitis had elevated seminal oxidative 
stress (ROS). Furthermore, sperm motility was 
impaired only in type II patient with 
leukocytospermia (peroxidase). Other authors 
demonstrated no difference in sperm 
concentration, motility, viability, and WHO 
morphology criteria between patients with 
type ILI prostatitis and controls. Further 
research is needed to delineate the relationship 
between CP/CPPS and male infertility. 


infertility, 


Section 8: Etiology of male infertility 


Chapter 47: 


gonadotoxins 


Potential adverse effects on spermatogenesis 


Spermatogenesis involves the 
continuous replication and complex 
metamorphosis of relatively undifferentiated, 
diploid, stem cells into highly specialized, 
motile, haploid cells. These haploid gametes 
must, furthermore, be capable of traveling 
through the female reproductive tract and 
fertilizing an ovum. This highly complex 
process occurring in the reproductive tract is 
closely governed by hypothalamic-pituitary 
and testicular hormones, thereby making it 
also susceptible to influences on endocrine 
organs, notably the brain. It is, therefore, not 
surprising that environmental agents can 
adversely affect germ cell development at 
many different stages and by different 
means. Indeed, this may explain why huge 
numbers of sperm are produced (around 2 x 
10° per day and 2 x 10” in a lifetime), while 
only one is required for fertilizing an ovum, 
an event usually occurring less than ten 
times per lifetime. 


Chemicals can potentially damage 
spermatogenesis at any stage from 
proliferating spermatogonia to mature 


spermatozoa. Broadly, three different and not 
mutually exclusive toxic effects are possible: 
cell death, sub-lethal cell damage or genetic 
change. 


Lethally damaged cells either die within 
the epithelium or are shed into the lumen of 
the seminiferous tubule. Those dying in situ 
may do so by: 


e Necrosis, an uncontrolled lysis and non- 
specific spilling of cellular contents, which 
may cause a local inflammatory reaction, or 
by 


e Apoptosis, a physiological process of 
programmed cell death whereby a doomed cell 
breaks down info smaller, apoptotic bodies 
that are then phagocytosed by Sertoli cells 


without bystander damage. 


Infer tility 


[381] 


due to environmental 


Apoptosis is the orderly mechanism by 
which spermatogenic cells die within the 
germinal epithelium without collateral damage 
to adjacent Sertoli or germ cells. It is well 
established that apoptosis is a major 
mechanism of action of testicular toxins. 
Likewise, apoptosis is an important response 
to adverse physiological conditions in the 
testis such as gonadotropin deprivation and 
heat exposure. 


There are two pathways by which 
apoptosis may be induced in male germ cells: 
extrinsic and intrinsic. 


The net result of activation of either the 
extrinsic or intrinsic pathways in testicular 
germ cells is the activation of members of a 
family of proteases called caspases. Caspases 
degrade the cellular components and cause the 
transformation of the cell into apoptotic bodies 
that can be phagocytosed by neighboring 
Sertoli cells. 


Targets for toxicity 


Testicular function, including androgen 
secretion and the production of fertile 
spermatozoa, can be adversely affected by pre- 
testicular, testicular ad __ post-testicular 
mechanisms. 


Pre-testicular targets for toxicity 


Testicular function is regulated by the 
pituitary hormones FSH and LH and toxicity 
that disturbs this level of control is considered 
to be pre-testicular. This includes occupational 
exposure to sex steroids such as estrogens, 
which, if absorbed sufficiently, can inhibit 
pituitary gonadotropin secretion resulting in 
semen abnormalities, sexual dysfunction, 
gynecomastia and hypogonadotropic 
hypogonadism. Examples reported include 
populations such as men working in the 
industrial manufacture of synthetic 
contraceptive estrogens or handling large 
quantities of a non-steroidal estrogenic 
chemical. 


Testicular targets for toxicity 


Direct testicular toxicity may affect any of 
the various cell types within the testis 
including Leydig, Sertoli and germ cells. 
Direct toxicity to Sertoli cells should have 
marked effects on sperm production and 
function. Three classes of industrial chemicals 
have been implicated as Sertoli cell-specific 
toxicants: 


e Phthalates, used as plasticizers, 


e Nitro-aromatic compounds, intermediates in 
production of dyes and explosives, and 


e y-Diketones, used as solvents 


Germ cells are mostly located within the 
diffusion-tight blood-testis-barrier, thereby 
achieving some protection from extrinsic 
chemicals. The best established evidence for 
direct toxicity to human germ cells is the 
exquisite sensitivity of spermatogonia to 
ionizing irradiation and alkylating agents. 
The most sensitive cells are the 
spermatogonia, which are the only germ cell 
type to develop at the base of the Sertoli cells, 
outside the blood-testis-barrier. 


Spermatogonial sub-types differ in 
sensitivity to cytotoxins, leading to important 
implications for recovery from toxicity. For 
example the Ao, or _ non-proliferating, 
spermatogonia constitute the germinal stem 
cell population, destruction of which leads to 
irreversible spermatogenic damage. Examples 
of stem-cell toxins include MOPP 
combination chemotherapy (nitrogen mustard, 
vincristine, pro-carbazine, prednisone) in men 
treated for Hodgkin disease, which exhibit 
essentially irreversible spermatogenic damage 
presumably due to A, spermatogonia ablation. 
In contrast, proliferating spermatogonia, 
though even more sensitive to such cytotoxic 
effects, can be replaced from stem cell 
reserves that are activated by the depletion of 
these dividing cell populations. Thus, 
spermatogenic damage from selective toxicity 
to proliferating spermatogonia (e.g., as with 
lower doses of ionizing radiation and many 
cytotoxic drugs) can lead to complete, but 
temporary, loss of spermatogenesis, although 
its reversal through stem-cell replenishment 
may take years. Furthermore, non-lethal germ 
cell damage may induce genetic mutations in 
stem-cell DNA, which can lead to persistent 
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genetic changes in sub- 


sequently. 


sperm formed 


Spermatocytes and spermatogonia are the 
germ cell types involved in meiosis, a unique 
genetic process involving one round of DNA 
replication (spermatogonia) and two of 
cellular division (spermatocytes), making 
these cells vulnerable to certain toxins as well 
as to genetic mutations. 2-Methoxy-ethanol 
(ME), a constituent of varnishes and paints, is 
the best characterized spermatocyte toxin. 


Occupational exposure to ME has been 
suggested to have adverse effects on 
spermatogenesis in humans. 


Post-testicular targets for toxicity 


In contrast to testicular toxicity, post- 
testicular toxic effects on sperm after leaving 
the rete testis appear relatively uncommon. In 
experimental animals for example, mature 
spermatozoa are more resistant to DNA 
strand-breaking by high-dose ionizing 
radiation than are testicular germ cells. 


Nonetheless, the radiomimetic drug 
cyclophosphamide can induce mutagenic 
lesions in maturing sperm that result in pre- 
implantation losses following fertilization. 
Most post-testicular toxicity has been 
discovered during the search for novel non- 
hormonal chemical contraceptives for men. 
The neuro-musculature of the epididymis can 
be affected by adrenolytic drugs such as 
guanethidine or methoxamine that lead to 
Stasis of sperm in the epididymis, which may 
even swell and rupture as a result. Conversely, 
sperm transport through the epididymis may 
also be accelerated, resulting in ejaculates 
containing fewer or immature sperm. Toxins 
acting on the epididymal epithelium, such as 
gossypol, interfere with epididymal fluid 
secretion. Sperm undergoing epididymal 
transport represent another target for post- 
testicular toxicity. Compounds such as œQ- 
chlorhydrin and the 6-chloro-6-deoxysugars or 
ornidazole have highly specific effects on rat 
epididymal sperm, resulting in complete loss 
of motility and hence sterility. These 
mechanisms may be illustrated by the clinical 
syndrome of epididymal necrospermia 
described in infertile men in which normally 
developed sperm appear to undergo lethal 
damage during epididymal transit although the 
toxicological basis remains unknown. 


Environmental gonadotoxins 
Introduction 


The contamination of the environment by 
pollutants comes from a variety of sources, 
including the burning of fuels and waste, 
widespread use of pesticides, release of 
products from industrial processes, leaching of 
chemicals from manufactured products and 
food, excretion of pharmaceuticals and 
metabolites into the water supply etc. Most 
health concerns about environmental 
chemicals have generally focused on potential 
carcinogenicity rather than adverse 
reproductive effects. As a result, efforts to 
reduce the risks of exposure have been an on- 
going exercise for several decades (Table 
47.1). 


Ionizing radiation 


Ionizing radiation is the best studied and 
among the first agents to be known to have 
anti-spermatogenic effects in humans. 
Detailed studies, including serial sperm counts 
and testicular biopsies following single 
measured doses of ionizing radiation 
administered to the testes of prisoner 
volunteers, were conducted during the 1950s 
and 1960s and demonstrated clear dose- 


dependent and reversible damage to 
spermatogenesis. These findings (Table 47.2) 
were most consistent with the interpretation 
that direct damage to proliferating 
spermatogonia was the most sensitive 
element, leading lo depression in sperm output 
from as little as 20cGy and azoospermia above 
75 cGy doses. Higher doses caused delay in 
recovery of sperm output, which was 
proportional to dose and beyond 400 cGy the 
spermatogenic damage persisted for up to 5 
years and may have been irreversible, 
consistent with stem cell killing. 
Subsequently, studies of men exposed to 
accidental, atomic bomb-related, occupational 
or therapeutic irradiation confirmed these 
findings. In contrast to somatic cells, dose 
fractionation enhances germinal cell killing. 


Among germ cells that survive 
irradiation, mini-satellite mutations and 
chromosomal damage can be observed. These 
can lead to cell death, repair or to transmission 
of cytogenetic alterations. Effects on the 
quality of the sperm may also occur. Workers 
involved in the clean-up operation following 
the accident at Chernobyl were reported to 
show reduced sperm motility and elevated 
levels of ultrastructural defects. 


Table 47.1: Examples of occupational exposures and their potential adverse effects on male 


reproductive function. 


Exposure Effects on 
Heat Sperm morphology, motility, fertility 
Radiation 
X-rays Sperm count, mini satellite mutations, fertility? 
Heavy metals 
Lead Sperm morphology, count, motility, semen volume, fertility? 


Synthetic estrogens 
Diethylstilboestrol 
Oral contraceptives 

Glycol ethers 
2-Methoxy-ethanol 
2-Ethoxy-ethanol 

Pesticides 
Dibromo-chloropropane 
Ethylene-dibromide 

Solvents 
Carbon disulfide 


Hormone levels, genital malformations 
Gynecomastia, libido, impotence 


Sperm morphology, count 
Sperm morphology, count 


Sperm count, motility, fertility 
Sperm morphology, count, motility 


Sperm morphology, count, impotence 


Anti-cancer therapies 


Exposures to X-radiation and cytotoxic 
mutagens are central to the treatment of 
malignancy. Collateral to their cell-killing 


therapeutic effects, surviving cells 
theoretically accumulate genetic damage, 
especially in germinal stem cells, which could 
lead to transmission of mutations and/or 
malformations. 


Table 47.2: Summary of the effects of ionizing radiation on the human testis by dose. 


Dose (cGy) Effect Rever sibility 

< 10 Little effect - 

10-50 Moderate oligozoospermia 6 months 

50-75 Severe oligozoospermia 6 months 

75-100 Azoospermia 6 months 
200-300 Azoospermia 1-2.5 years 

> 300 Azoospermia ~ 5 years or none 


Dibromochloropropane 


The nematocide dibromochloropropane 
(DBCP) was widely used for pest control in 
banana and other plantations during the 1970s 
until production workers and crop sprayers 
were discovered to be infertile. DBCP caused 
testicular damage manifested by 
oligozoospermia and azoospermia with 
increased blood FSH and LH levels, the 
degree of damage being proportional to 
duration of exposure. Subsequent follow-up 
demonstrated recovery only in some of the 
heavily exposed men with the remainder 
believed to have irreversible damage. 
Although this was not the first agent 
identified to cause human male infertility, the 
effects of DBCP were so dramatic and clearly 
related to the industrial exposure that the 
incident became the classic example of 
occupational male reproductive toxicity. 
Furthermore, despite bans on its use in many 
countries, DBCP is still in use elsewhere, 
particularly in the developing world. 


Complex organo-chlorine Compounds 
(endocrine disrupters) 
Complex organo-chlorine compounds 


include diverse chemicals such as dioxins, 
polychlorinated biphenyls and bifurans. Many 
are widely distributed throughout the 
environment of all populated parts of the 
world and have been suspected of causing 
reproductive toxicity. Many are teratogens and 
can have very weak hormonal properties as 
estrogens, anti-estrogens or anti-androgens. 
Those with estrogenic activity have been 
termed xenoestrogens but there is also concern 
over the role of anti-androgens, which may 
have analogous effects. 


The non-specific term "endocrine 
disrupters" has been widely used to describe 
chemicals with any of these activities. 


Prenatal exposure to xenoestrogens has 
been proposed to inhibit fetal testicular 
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development, thereby leading to reduced 
sperm production and impaired male fertility. 


Xenoestrogens have only very weak 
steroidal activity, however, and are unlikely to 
be present at biologically effective levels in 
the male fetus, which resides within the 
pregnant uterus, the most estrogen-rich 
environment at any time of human life. 


A comprehensive review of 
epidemiological studies concluded there was 
no evidence that prenatal estrogen exposure 
had deleterious effects on the human male 
reproductive tract. 


Smoking 


Inhaled cigarette smoke contains many 
hazardous compounds, some of which (such as 
acrolein) are reproductive toxins. Furthermore, 
it can induce oxidative damage to 
macromolecules that is detectable in the testis. 


Most of the few scientifically valid 
studies have demonstrated some reduction in 
sperm output and motility or genetic damage. 


Of growing concern is the recognition that 
smoking can cause DNA damage in sperm 
detected in human studies as chromatin 
disturbances, sperm DNA adducts, DNA 
adducts in the embryo, disomy and mini- 
satellite mutations. 


Genetic damage in sperm is widely 
considered to be a contributory factor to 
failure of assisted conception techniques. 
Therefore, it is perhaps unsurprising that 
smoking has been found to affect adversely, 
success rates achieved with IVF and ICSI. 


However, parental smoking may also be 
able to induce effects by other mechanisms 
because decreases in semen quality and testis 
size well as increases in cryptorchidism have 
been reported in men whose mothers smoked 
during pregnancy. 


Life style factors 


The increasing use of cell phones has led 
to growing concerns that the electromagnetic 
waves emitted have harmful effects on 
fertility. Recent in-vitro and in-vivo 
observational studies have supported a dose- 
dependent decrease in sperm density, motility, 
viability, and morphology. Whether these 
effects are clinically significant, or if they 
occur by a heat-related or electromagnetic 
wave-specific mechanism, remains unclear. 


Testicular hyperthermia has been shown 
to impair spermatogenesis and negatively 
impact male fertility. Hyperthermia as a result 
of endogenous stressors such as high fever or 
exogenous heat may impair sperm density, 
motility, and morphology. Laptop computers 
have been inconclusively demonstrated to 
impair fertility. Wet heat from hot-tubs, 
Jacuzzis, or baths may cause a decline in 
semen. Long distance driving (> 3h per day) 
can cause scrotal heating and depression of 
spermatogenesis. In a study of the recovery of 
semen quality after wet hyperthermia, semen 
parameters recovered in about half of patients 
after discontinuation of the hyper-thermic 
exposure. Recovery of total motile counts 
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among responders was largely due to 
improvement in mean sperm motility from 
12% to 34%. 


Alcohol and illicit drugs 


Heavy consumption of alcohol over time 
often results in erectile dysfunction, decreased 
libido, and gynecomastia. It is thought that 
alcohol exerts effects on the HPG axis, 
resulting in testicular dysfunction. In addition, 
peripheral aromatization of testosterone is 
responsible for the estrogenic effects of 
alcohol. These hormonal alterations lead to 
decreases in sperm density and motility. 
Alcohol reduces antioxidant levels in the 
body, resulting in increased oxidative stress. 
Elevated reactive oxygen species are 
associated with impairments in sperm motility. 
There is no evidence that light consumption of 
alcohol affects fertility. 


Marijuana decreases sperm density, 
motility, and morphology. Opiates cause 
decreased libido and erectile dysfunction. 
Opiates suppress the secretion of GnRH, 
resulting in decreased circulating LH and 
lower testosterone levels. Cocaine abuse 
causes erectile dysfunction, while 
amphetamines can cause decreased libido. 


Section 8: Etiology of male infertility 


Chapter 48: Iatrogenic male infertility 


Introduction 

Many drugs, in particular cytostatic and 
hormonally active agents, can exert 
deleterious effects on male fertility. 


Vasectomy and vasectomy reversal can result 
in formation of antisperm antibodies; therefore 
patients should be counselled accordingly. 
Inguinal hernia repair may be complicated by 
obstruction of the vas deferens. Lumbar 
sympathectomy can result in ejaculatory 
disorders. Cryobanking of spermatozoa for 
patients undergoing unavoidable drug 
treatment affecting male fertility or irradiation 
is strongly recommended. 


Iatrogenic causes of male fertility 
disturbances are coded when the abnormal 
spermatozoa are considered to stem from 
medical or surgical causes. This diagnosis 
requires the following to be true: 


e History of medical treatment with possible 
adverse effect on fertility. 


e And/or history of surgery with possible 
adverse effect on fertility. 


Aetiology and pathogenesis 
Pathogenesis 


Therapeutic drugs may cause a temporary 
or permanent disturbance of male fertility by 


impairment of the following functions: 
spermatogenesis, epididymal sperm 
maturation, sperm transport, sperm 


metabolism, motility, capacitation and egg 
penetration. Impairment of fertility may also 
occur through sexual dysfunction (libido, 
erection, ejaculation). 


Chemotherapy 


Testicular cancer, Hodgkin's disease, non- 
Hodgkin lymphomas and leukaemia may 
affect young people and the disease or its 
treatment may have deleterious effects on 
fertility. Impairment of spermatogenesis by 
substances with direct anti-proliferating 
effects on the germinal epithelium is caused 
by alkylating substances such as 
cyclophosphamide and chlorambucil and after 
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cytostatic treatment with 
adriamycin as well as 
vincristine or bleomycin. 


cisplatin and 
methotrexate and 


Combination chemotherapy regimens 
using lower doses can minimize damage to 
spermatogonia and Sertoli cells, increasing the 
possibility of eventual recovery. Type B 
spermatogonia are most sensitive to the 
effects of chemotherapy, since they 
proliferative most actively. If type A 
spermatogonia, the spermatogenic stem cells, 
are impaired, permanent sterility can be 
expected. On the other hand, Leydig cells and 
to a lesser extent Sertoli cells, which do not 
proliferate in adults, are less susceptible to 
chemotherapeutic agents and radiation. 
Functional damage may occur, however, 
resulting in decreased inhibin release and 
secondarily elevated FSH and LH. 


The ability to recover spermatogenesis 
depends on the type of chemotherapeutic 
agent. Alkylating agents such as 
cyclophosphamide, chlorambucil, busulfan 
and carmustine are the most gonadotoxic and 
have a poor prognosis regarding recovery of 
spermatogenesis. Other agents as vinblastine, 
cytabarine, methotrexate and prednisone have 
a good prognosis. 


Patients may recover spermatogenesis to 
varying degrees after chemotherapy. Even 
patients with azoospermia may have foci of 
spermatogenesis in their testis. Paternity in 
these patients has been possible with ART as 
IUI and IVF. Testicular sperm extraction 
(TESE) and micro-dissection TESE may be 
used to extract sperm. Sperm retrieval with 
TESE was possible in 45% of patients 
receiving chemotherapy and some of these 
showed partial Sertoli-cell-only pattern on 
biopsy. 


Patients able to conceive naturally are 
advised to wait a minimum of 1-2 years post- 
chemotherapy or radiation due to the risk of 
chromosomal or congenital anomalies after 
treatment with cytotoxic agents. 


There may be a protective benefit of 
hormonal agents given before and during 


chemotherapy or radiation. GnRH agonists or 
antagonists may cause temporary suppression 
of spermatogenesis during gonadotoxic 
therapy, later allowing the surviving 
spermatogonia to differentiate after cytotoxic 
therapy. 


All newly diagnosed cancer patients 
should be offered cryopreservation, since 


testicular recovery may not occur after 
chemotherapy or radiation. 
Further drugs with possible negative 
influence on fertility 

Apart from cytostatic agents, direct 
inhibition of proliferation of the 


spermatogenesis can be caused by neuroleptics 
and tricyclic antidepressives, by antiemetics 
and antiepileptics, as well as by antibiotics and 
chemotherapeutics at higher dosages and long- 
term treatment (nitrofurantoin, co-trimoxazole, 
gentamycin and niridazole). Salazo- 
sulphapyridine leads to a direct inhibition of 
spermatogenesis by absorption of toxic 
metabolites (sulphapyridine). More agents 
with potentially blocking effects on spermato- 
genesis belong to the groups of analgesics and 
immunosuppressants. | However, reliable 
studies are not available for most of these 
frequently used drugs. 


Hormones and hormone antagonists 


Hormonal active drugs influence 
spermatogenesis indirectly by inhibition of 
the gonadotropic functions of the pituitary. 
Impairment of spermatogenesis is possible by 
oestrogens, gestagens, androgens, anabolics, 
antiandrogens, luteinizing hormone releasing 
hormone (LHRH), gonadotrophin releasing 
hormone (GnRH) (super) agonists or 
antagonists and glucocorticoids. Drugs may 


interfere with androgen production by 
different mechanisms, for example, a 
decrease in LH production by opiates, 


blockage of enzymes for steroid production 
by aminoglutethimide and ketoconazole, an 
increase in testosterone metabolism by 
barbiturates, anticonvulsives and further liver 
enzyme-inducing agents, blockage of the 
effects of testosterone by androgen receptor 
antagonists such as cimetidine, 
spironolactone, cyproterone acetate, an 
influence such as the physiologic antagonist 
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of androgen effects by digoxin with 
estrogenic mode of action and drugs causing 
hyperprolactinemia. 


Exogenous testosterone therapy and the 
use of androgenic anabolic steroids impair 
spermatogenesis and reduce intratesticular 
testosterone. Recoverability of endogenous 
testosterone production after cessation of 
exogenous androgens may be achieved using 
hCG therapy. 


Reduction in sperm count, motility and 
percentage of normally formed sperm is 
reversible after discontinuation of 
administration of androgenic hormones. In 
bodybuilders who have taken anabolic steroids 
at doses exceeding those generally applied for 
clinical purposes by up to 40-fold, recovery of 
sperm numbers into the normal range may 
vary considerably after stopping the steroids. 
Time intervals between 4 and 12 months are 
reported. 


Drugs affecting sperm function 


There are reports on certain drugs 
demonstrating influences on sperm functions 
or sperm-egg interaction by in vitro tests or 
by application to small groups of patients. 
For example, treatment with the calcium- 
channel blocker nifedipine was shown to 
block sperm-egg interaction, obviously by 
alteration of the lipid composition of the cell 
membranes. More relevant substances may 
be verapamil (alteration of sperm mem- 
branes, decline of sperm motility), 
antiepileptics (damage of sperm membranes, 
decline of motility), sulphasalazine (decrease 
in sperm count and motility), tetracyclines 
(in vitro direct toxic effect), macrolides at 
high concentrations (in vitro decrease in 


sperm motility), and amantadine and 
colchicine (impairment of  sperm-egg 
interaction). 


Finally, sperm motility can be impaired 


by damage of sperm membrane-bound 
functions. Drugs with motility-disturbing 
effects in vitro are nitrofurantoin, 
tetracyclines, gentamycin, metoclopramide, 
imipramine, chlorpromazine, nortriptyline, 
lithium, trifluoperazine, levamisole, 
propranolol, phentolamine, dibenamine, 


stropine and bentropin mesylate (Table 48.1). 


Table 48.1: Drugs with possible influence on male fertility. 


Suppression of sper matogenesis 
Cytostatic agents 


Hormones and hormonally active drugs: 


androgens, 


anti-androgens, oestrogens, progestogens, 


glucocorticoids, anabolics, cimetidine, spironolactone, digoxin, ketoconazole. 


Psychotropic drugs, antiepileptics, antiemetics, analgesics, certain antibiotics and chemotherapeutics, 
anthelmintics such as niridazole, salazo-sulphapyridine 


Impairment of sperm function 


Calcium channel blockers (sperm motility and sperm-egg binding) 


Antiepileptics (sperm motility) 
Sulphasalazine (sperm count and motility) 


Antibiotics (sperm motility) 


Amantadine and colchicine (Sperm-egg interaction) 


Psychotropic drugs (SSRIs and tricyclics) alpha- and beta-blockers (sperm motility) 


Cyclosporine (sperm motility) 
Inhibition of sperm transport 
Antihypertensive drugs 
Psychotropic drugs 


Inhibition of sperm transport 


a.-Adrenolytic acting substances influence 
sperm transport by inhibition of the emission 
phase (chemical sympathectomy) of the 


ejaculatory reflex: antihypertensive drugs 
(guanethidine, reserpine, methyldopa), 
psychotropic drugs (thioridazine, 
chlorprothixene, tricyclic antidepressives, 
chlordiazepoxide), ganglion blockers 
(hexamethonium, mecamylamine) as well as 
alpha receptor blockers (phentolamine, 
phenoxybenzamine). 

Surgery 


There may be temporary depression of 
fertility, which may last for 3-6 months after 
any surgical procedure, particularly after 
general anaesthesia has been administered. 


Testicular biopsy may result in a 
temporary suppression of spermatogenesis. 
Unsuccessful operations such as herniotomies 
or corrections of testicular mal-descent may 
result in damage to the vas deferens and testis, 
respectively, with subsequent loss of testicular 
function, iatrogenic obstructions may have 
been provoked by herniotomies (particularly 
during infancy) or surgical procedures at the 
ejaculatory ducts or vasographs of the vas 
deferens using irritating contrast media. 
Incidentally performed epididymal incisions 
or biopsies during testicular biopsies usually 
result in obstructions as well. Hernia repair 
may additionally result in an immunological 
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reaction with production of anti-sperm 
antibodies. This may also occur after 
hydrocelectomy or any other genital or 
inguinal surgery. Vasectomy is the most 
common cause of surgical obstruction and also 
results in production of antisperm antibodies. 


Aspermia may be caused by disturbances 
of the function of the bladder neck after 
transurethral prostatectomy, treatment of 
urethral valves in infancy, bladder neck 
incision for outflow obstruction, lumbar 
sympathectomy, retroperitoneal lymph- 
adenectomy as well as abdomeno-perineal 
surgery. 


Urinary catheterization may be 
complicated by urinary tract infection or by 
urethral stricture. Urethral stricture repair may 
result in pooling of ejaculate material in a 
flaccid segment of the urethra and its contami- 
nation with urine. There may be ejaculatory 
disturbance after reconstructive surgery for 
hypospadias, epispadias and vesicular 
extrophy. 


Irradiation 


Irradiation in the genital region will most 
probably cause irreversible arrest of 
spermatogenesis with subsequent sterility. An 
organ dosage of 3 Gy, which usually is 
achieved by irradiation of the inguinal region 
or the contralateral testicle, is lethal for 
spermatogenesis or leads at least temporarily 
to extensive suppression of spermatogenesis. 


Clinical and laboratory findings 


History taking should reveal medical or 
surgical treatment with possible negative 
influences on fertility. 


In patients with a history of gonadotoxic 
chemotherapy for reasons other than testicular 
cancer, testicular volume and consistency 
usually are normal; in patients with testicular 
cancer in their history, the testicle being left 
after operation may either be normal or may 
reveal a smaller volume in cases with a history 
of cryptorchidism. In patients treated with 
hormonally active compounds, testicular 
atrophy, gynaecomastia or skin alterations 
such as acne may be observed. In patients 
presenting with a history of vasectomy, the 
epididymis may be enlarged. 


There may be a large variability of semen 
parameters ranging from azoospermia after 
chemotherapy with alkylating substances or 
after irradiation to severe 
oligoasthenoteratozoospermia and only minor 
aberrations in patients, for example after 
treatment with drugs affecting only sperm 


motility. In cases of sperm transport 
disturbances with complete retrograde 
ejaculation, aspermia will be observed with 
spermatozoa present only in the 


postejaculatory urine. 


The biochemical marker substance œ- 
glucosidase will be markedly decreased after 
procedures causing obstruction (vasectomy or 
failed hernia repair). 


After operations for testicular torsions and 
refertilization after vasectomy, frequently 
antisperm antibodies, as reflected by a positive 
MAR test, and agglutinations of spermatozoa 
in combination with low sperm motility and 
vitality are observed. 


Elevated levels of FSH and decreased 
concentrations of inhibin-B may occur after 
orchidectomy due to testicular cancer and after 
chemotherapy as well as after irradiation. 


In patients with epilepsy, frequently low 
testosterone levels are observed, which is 
deteriorated by anti-epileptic drugs; these also 
may lead to impaired sperm motility and 
morphology. Low testosterone concentrations 
can also be caused by other drugs interfering 
with the testosterone metabolism. 


[389] 


In patients with a history of vasectomy, 
antisperm antibodies are also detected in the 
serum. 


Differential diagnosis 


Further factors contributing to the fertility 
disturbance such as varicoceles, inflammations 
of the genital tract, genetic causes or 
anatomical aberrations have to be excluded 
before establishing the diagnosis of iatrogenic 
fertility disorder. 


Treatment 


Toxic medication should be replaced with 
an alternative treatment whenever possible. In 


vasectomized patients, a microsurgical 
reversal is recommended. If vasectomy 
reversal fails, treatment as idiopathic 


azoospermia or oligoasthenozoospermia is 
indicated, but genetic evaluation may be 
omitted. If toxic medication cannot be 
replaced or if there is no restoration of normal 
fertility, treatment as idiopathic abnormality 
according to semen quality should be given. 


Microsurgical vasovasostomy is the most 
frequently performed procedure for 
refertilization. Usually patency rates of about 
90% are achieved, the pregnancy rates are 
partly dependent on the interval between 
vasectomy and vasovasostomy, pregnancy 
rates of 49% are reported after an obstruction 
interval of 15- 19 years, and spouses of men 
with obstruction for 20-25 years had 
pregnancy rates of 33%. Refertilization after 
childhood herniorrhaphy achieves patency 
rates of 44 % and pregnancy rates of 36%. 
Some authors suggest that a second trial of 
refertilization after failure of vasovasostomy 
may be worthwhile since they found it to be 
more cost effective than ICSI with epididymal 
spermatozoa. 


Prognosis 


Impairment of spermatogenesis finally 
resulting in azoospermia by substances with 
direct anti-proliferating effects on the germinal 
epithelium is caused by alkylating substances 
such as cyclophosphamide and chlorambucil, 
which lead to mostly irreversible azoospermia. 


Recovery of spermatogenesis has been 
observed after cytostatic treatment with 
cisplatin and adriamycin as well as after 
treatment with methotrexate and vincristine or 
bleomycin. 


Vasectomy is the most common cause of 
surgical obstruction and also results in 
production of antisperm antibodies. These 
antibodies persist after the repair operation 
and may hinder natural conception, even if 
obstruction has been relieved correctly. 
Therefore, methods of assisted fertilization 
may be necessary in a considerable percentage 
of couples after successful refertilization 
surgery. 


Irradiation in the genital region will most 
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probably cause irreversible arrest of 
spermatogenesis with subsequent sterility. 
Recoveries have been observed after a time 
interval up to 5 years. 


Prevention 


Prior to chemotherapy or radiotherapy, 
sperm banking should be offered to all 
patients. Any drug treatment with possible 
influence on fertility should be carefully 
deliberated in younger men whose family 
planning is not completed. 


Section 8: Etiology of male infertility 


Chapter 49: Testicular dysfunction in systemic 


diseases 


Mechanisms of reproductive 
disruption by systemic diseases 


The clinical reproductive effects of non- 
testicular illnesses depend on the period of life 
as well as the severity and chronicity of the 
underlying disease. Male reproductive 
dysfunction can result from selective impact 
on a specific level of the hypothalamic- 
pituitary-gonadal axis, but often in chronic 
non-testicular disease, multiple levels are 
affected concurrently. The duration and revers- 
ibility of testicular axis disruption depends on 


severity and the pathophysiological 
mechanisms involved in the underlying disease 
and its treatment. Disruptions of 


spermatogenesis can be transient, lasting from 
less than one spermatogenic cycle, typically 
associated with non-specific features such as 
fever, weight loss or cytokine effects of non- 
testicular illness. They may persist for 
prolonged periods or even being irreversible 
following cytotoxic drug treatment for cancer 
or other serious diseases. 


Onset of hypogonadism 


The expression of androgen deficiency is 
distinctive at different periods of life. Prenatal 
androgen deficiency produces various degrees 
of incomplete development of male internal and 
external genitalia, varying from complete 
absence of masculine sexual development to 
various degrees of hypospadias, gynecomastia 
and/or cryptorchidism. Pubertal androgen 
deficiency manifests as delayed puberty, 
eunuchoidal skeletal proportions and impaired 
virilization, whereas postpubertal androgen 
deficiency may present with the well-known 
classical features of androgen deficiency in 
adults. 


Most classical features of androgen 
deficiency, apart from hot flushes in castrate 
men, are manifestations of prolonged, moderate 
to severe androgen deficiency. 
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Defects in spermatogenesis are only 
manifest after puberty and having no symptoms 
other than infertility. 


Level of disruption in the male reproductive 
axis 


Non-testicular diseases can disrupt 
different levels of the hypothalamic-pituitary- 
testicular axis. GnRH, and consequently 
gonadotropin secretion can be suppressed by 
acute or chronic diseases via disruption of 
hypothalamic regulatory mechanisms, while 
additionally or alternatively underlying chronic 
diseases may impact directly on Leydig cell 
steroidogenesis or spermatogenesis. 


Severe or chronic systemic illnesses often 
produce characteristically defective hypo- 
thalamo-pituitary axis regulation. The 
mechanism characteristically involves a triad of 
features: inhibition of GnRH secretion, hyper- 
sensitivity to negative testicular feedback and 
resistance to naloxone which has been termed 
ontogenic regression. Ontogenic regression 
involves a reversible variation in sensitivity to 
negative testicular feedback which causes 
coordinate changes in gonadotropin and 
testosterone secretion during periods of stress 
unfavorable to reproductive activity. By 
facilitating an orderly withdrawal of 
reproductive function, ontogenic regression 
facilitates its orderly return when more 
favorable environmental circumstances once 
again prevail. 

Ontogenic regression is a common 
underlying mechanism in a variety of systemic 
diseases, including chronic renal, respiratory, 
liver, inflammatory, nutritional diseases as well 
as acute critical illness and severe burns. It is 
presumably an adaptive physiological 
mechanism invoked by adverse environmental 
circumstances ensuring that no overall 
reproductive fitness is lost in times unfavorable 
for successful reproduction, while retaining the 
capacity for successful recovery when more 
favorable circumstances return. 


Most severe systemic non-gonadal illness 
or trauma such as burns, myocardial infarction, 
traumatic or surgical injury, and acute critical 
illness depress testicular function as evidenced 
by low blood testosterone levels, with low LH 
levels and abolition of pulsatile LH secretion. 
Such transient androgen deficiency (secondary 
hypogonadism) is so common that it should be 
considered a regular accompaniment of severe 
acute or chronic illness. 


Testicular function is depressed by 
common features of systemic illness such as 
cytokines, fever, weight loss and chronic 
illness or catabolism. 


Disruption of spermatogenesis can lead to 
infertility primarily through reduction in the 
number of ejaculated sperm and possibly also 
in sperm function. The intense cellular and 
DNA replication of the germinal epithelium 
makes it singularly susceptible to cytotoxins 
such as ionizing irradiation, cytotoxic drugs 
(notably alkylating agents), other therapeutic 
agents (e.g., some antibiotics) and occupational 
or environmental exposures. Such agents cause 
all degrees of hypospermatogenesis from 
reversible depression to permanent ablation 
from germinal stem cell depletion. As 
spermiogenesis forms the morphological basis 
for sperm function, interruption at this stage of 
spermatogenesis can produce hypo-functional 
(infertile) sperm. 


Age is a crucial modifier of testicular 
response to systemic illness. The maturing 
hypothalamic pituitary testicular axis has 
heightened susceptibility, making adolescents 
particularly vulnerable to delayed puberty 
during chronic illness. Aging men exhibit 
decreased testosterone levels while SHBG and 
gonadotropin levels increase, changes which 
are markedly accentuated by the coexistence of 
chronic illness and/or its treatment. These 
changes reflect common alterations in 
hypothalamic function as features of ontogenic 
regression including decrease in testosterone, 
alterations in pulsatile LH secretion and 
sensitivity to both negative steroidal feedback 
and opioids as well as the corresponding 
testicular manifestation such as progressive 


decreases in testis size, cell content and 
spermatogenesis. 

Drugs may impair androgen action 
through numerous distinct and sometime 


multiple mechanisms including (i) decreasing 
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LH secretion (e.g., opiates), (ii) inhibiting 


steroidogenic enzymes (e.g., amino- 
glutethimide, ketoconazole. finasteride, 
dutasteride), (ili) increased testosterone 


metabolism (e.g., barbiturates, anticonvulsants 
and other hepatic enzyme inducers). (iv) 
androgen receptor antagonists blocking 
testosterone action (e.g., cimetidine, 
spironolactone, cyproterone acetate), or (v) 
acting as physiological antagonists of 
androgen action (estrogenic effects of digoxin, 
drug-induced hyperprolactinemia). 


Specific diseases and disorders 
Renal disease 


Reduced renal function may lead to 
androgen deficiency and abnormal 
spermatogenesis. Depending on the time of 
onset, gonadal dysfunction manifests as delayed 
puberty in adolescents and/or as testicular 
atrophy, impaired spermatogenesis, infertility, 
sexual dysfunction or gynecomastia in adult 
men. 


Renal failure leads to alterations at 
different levels of the hypothalamo-pituitary 
axis with alterations in the hypothalamic 
regulation of pituitary gonadal function being 
predominant, rather than peripheral defects 
intrinsic to the testis. Inhibition of both 
spermatogenesis and steroidogenesis 
accompanied by modest to minimal increases in 
gonadotropins, together with testicular 
histological features are indicative of a 
functional hypogonadotropic state. 


However, the markedly reduced 
gonadotropin clearance rates in uremia mask 
the effects of gonadotropin secretion which is 
inappropriately low for the reduced testosterone 
production rates. Consequently, despite low 
blood testosterone levels, the failure of 
appropriate rises in blood LH levels, together 
with defects in pulsatile LH secretion and 
aberrant hypothalamic opiatergic regulation of 
gonadotropin secretion, reflect the 
predominance of aberrant hypothalamic 
regulation in the pathogenesis of human uremic 
hypogonadism, as a characteristic manifestation 
of ontogenic regression. GnRH pulse frequency 
is preserved, while the pulse strength is 
decreased, which leads to a decrease in LH per 
burst, but unchanged frequency of plasma LH 
pulses. Additional secondary consequences of 
the underlying uremia and its treatment include 


relative LH insensitivity of Leydig cells, 
increased metabolic clearance of testosterone 
and impaired spermatogenesis. 


Acute renal failure is accompanied by 
decreased testosterone levels with minimal 
changes in gonadotropin or SHBG levels and 
preserved responses to GnRH stimulation, also 
consistent with hypothalamic (secondary) 
hypogonadism that is reversed following 
recovery of renal function. 


Reproductive dysfunction becomes evident 
at an early stage of acute or chronic renal 
failure; deterioration during maintenance 
peritoneal or haemodialysis is fully reversed 
only by successful renal transplantation. 


Most men with pre-dialysis uremia have 
low or low-normal testosterone levels and the 
prevalence and severity of androgen deficiency 
increase in patients requiring dialysis. 


Renal transplantation is the only effective 
treatment to restore testicular function and 
reverses most of the disturbances in testosterone 
secretion and spermatogenesis. Nevertheless, a 
minority of men with successful renal 
transplants have mild persistent biochemical 
androgen deficiency and impaired 
spermatogenesis probably attributable to the 
incomplete normalization of renal function. 
Despite the consistent findings of androgen 
deficiency in chronic uremia, controlled studies 
of androgen replacement therapy are scarce but 
promising. 


Pharmacokinetics of transdermal 
testosterone in men with end-stage renal failure 
are comparable to healthy hypogonadal men, so 
that it can be used for androgen-deficient men 
with renal failure. Even if testosterone 
replacement therapy is not warranted, 
pharmacological testosterone treatment may 
have benefits for men with chronic renal 
insufficiency. For example, pharmacological 
androgen therapy with testosterone or synthetic 
androgens as adjuvant therapy for renal anemia 
and osteodystrophy during pre-dialysis and 
dialysis phases are well established and often 
considered as reasonably effective but low-cost 
alternatives to modern expensive treatments 
such as erythropoietin or bisphosphonates, 
respectively. 


Claims that other treatments, including 
suppression of  hyperprolactinemia, zinc 
supplementation or erythropoietin, improve 
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testicular function are not confirmed in well- 
controlled studies. Conventional immuno- 
suppressive regimens involving prednisone, 
azathioprine, ciclosporin A, mycophenolate 
mofetil or rapamycin inhibitors (sirolimus, 
tacrolimus, everolimus) appear to have little or 
no consistent clinically significant effects on 
testicular function. 


Liver disease 


Acute liver disease including hepatitis 
causes marked increases in circulating SHBG 
levels, resulting in reflex increases in 
gonadotropin and sex steroid secretion to 
maintain testicular testosterone output and 
tissue androgen supply. The pathophysiological 
significance of such transient biochemical 
disturbance during acute illness remains 
unclear. 


Chronic liver failure is associated with 
prominent features of hypogonadism, including 
infertility, impaired spermatogenesis, testicular 
atrophy, gynecomastia, reduced body hair and 
sexual dysfunction. 


Testosterone production rate is decreased, 
leading to lower circulating testosterone levels, 
although the concomitant increases in 
circulating SHBG levels with a consequential 
fall in testosterone clearance rate masks the 
severity of the androgen deficiency. Despite 
subnormal testosterone levels, gonadotropin 
levels remain in the low to normal eugonadal 
range with diminished pulsatile LH secretion, 
emphasizing the importance of hypothalamic 
dysregulation in the pathogenesis of 
hypogonadism in chronic liver disease. 


Testosterone administration improves sense 
of well-being, increases serum proteins and 
reduces edema without serious adverse effects. 
The current standard treatment of chronic 
hepatitis C with interferon alpha2b and ribavirin 
causes reduced blood testosterone levels, 
without consistent change in LH, FSH or 
SHBG levels, an effect that is reversible after 
cessation of treatment, consistent with a direct 
drug effect and/or an effect mediated via 
improvement of the underlying illness and 
amelioration of the ontogenic regression 
mechanisms. 


Men with chronic active hepatitis requiring 
immunosuppression have essentially normal 
spermatogenesis despite azathioprine doses of 
up to 150mg daily. Little information is 


available about semen parameters in other 
chronic liver diseases. 


Systemic iron overload due to either 
genetic or acquired __post-transfusional 
hemochromatosis often causes hypo- 
gonadotropic hypogonadism due to pituitary 
iron deposition, causing relatively selective 
damage to gonadotropes. In more advanced 
disease, the additional effects of cirrhosis and 
diabetes further highlight the clinical 
presentation of androgen deficiency. This 
disorder once frequently presented with 
progressive androgen deficiency in middle-aged 
men that was readily amenable to androgen 
replacement therapy or, if fertility is required, 
gonadotropin therapy. Iron overload-induced 
hypogonadism is rarely reversed by iron 
desaturation from venesection and/or iron 
chelation except in younger (<40 years) men. 
Testosterone replacement therapy is often 
necessary and effective both symptomatically 
and in restoring bone density loss due to 
androgen deficiency. Gonadotropin induction of 
spermatogenesis is particularly effective in 
genetic hemochromatosis, as the onset of 
gonadotropin deficiency follows a normal 
puberty while pulsatile GnRH therapy is 
ineffective since gonadotropin secretion cannot 
be induced. 


Respiratory diseases 


Chronic sinopulmonary infections 
(recurrent bronchitis, bronchiectasis, chronic 
sinusitis and/or otitis media) are associated with 
infertility due to Young syndrome, cystic 
fibrosis (CF) and dyskinetic cilia syndromes 


(including immotile cilia and Kartagener 
syndrome). 
Both Young syndrome and CF have 


obstructive azoospermia which is due to 
congenital absence of the vas deferens in CF, 
whereas in Young syndrome the epididymis and 


vas deferens are anatomically intact 
but the epididymis becomes obstructed 
intraluminally by inspissated secretion. In 


contrast, the excurrent ductular system and 
sperm output are normal in dyskinetic cilia 
syndromes but sperm are immotile due to 
defects in axonemal function. 


Classical CF, due to mutations in the CFTR 
gene, is also associated with delayed puberty 
attributable to both chronic illness and 
suboptimal nutrition from exocrine pancreatic 
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dysfunction. Nearly all (95%) men with CF 
have congenital bilateral absence of vas 
deferens (CBAVD), but CBAVD alone is 
recognized as a primarily genital variant of CF, 
with most affected men carrying compound 
heterozygotes for two different CFTR 
mutations. 


However, as ART can regularly achieve 
paternity from testicular sperm aspiration every 
child is an obligate CF carrier and well- 
informed genetic counselling is essential. What 
determines the clinical pattern of disease (CF vs 
CBAVD) remains an intriguing biological 
puzzle. 


About half of the male patients with 
sarcoidosis show hypogonadotropic hypo- 
gonadism independent of glucocorticoid usage. 
Neural involvement in 5% can produce 
hypogonadotropic hypogonadism by pituitary 
infiltration. The lack of specific morphologic 
findings in the reproductive tract is consistent 
with an effect of chronic disease ontogenic 
regression mechanism. Whether the low 
circulating testosterone levels contribute to the 
fatigue, muscle weakness and depressed mood 
remains to be established. 


Obstructive sleep apnea is associated with 
sexual dysfunction and lowered testosterone 
levels without rise in gonadotropin levels 
indicative of a central hypogonadotropic 
mechanism These effects, occur commonly 
together with obesity and symptoms of the 
metabolic syndrome. The relative contributions 
of hypoxia and sleep fragmentation to this 
central hypogonadism remain to be clarified. 


Chronic obstructive pulmonary disease 
(COPD) is associated with pubertal delay due 
to chronic illness and systemic corticosteroid 
therapy but the reported effects on postpubertal 
male reproductive function remain 
inconclusive. Biochemical androgen deficiency 
in COPD has been related to hypoxemia, 
systemic inflammation and use of 
corticosteroids impacting upon hypothalamic- 
pituitary axis regulation consistent with an 
underlying ontogenic regression mechanism. 


Malignant disease 


Cancer and its treatment with cytotoxic 
drugs or irradiation has dramatic effects on 
male reproductive function and regularly 
produces transient or permanent spermatogenic 
damage, infertility and, less often, androgen 


deficiency. This particularly concerns the 
common malignancies of male reproductive life 
that are medically treated with curative intent 
during reproductive life comprising testicular 
(teratoma, seminoma) and hematological 
(Hodgkin and non-Hodgkin lymphoma) tumors 
and sarcomas. 


Virtually all men presenting with cancer 
demonstrate moderate testicular dysfunction 
including particularly depression of 
spermatogenesis even prior to cytotoxic 
treatment. The pathogenetic mechanisms 
remain unclear, but contributions from fever, 
weight loss, diagnostic procedures or 
cytokines as well as ontogenic regression 
effects of chronic disease are likely to 
contribute and are hard to differentiate. Cancer 
patients often develop a decrease in muscle 
mass, anorexia, weakness, fatigue, depression 
and sexual dysfunction. Such non-specific 
symptoms are difficult to distinguish from 
symptoms of androgen deficiency. While 
serum is consistently increased in proportion 
to the degree of germinal damage from 
cytotoxic cancer treatments, changes in the 
circulating levels of LH, T and SHBG are 
inconsistent. It is likely that a variety of 
individual factors such as cytokines (IL 6, 
IGF-1 and others), variations in cytotoxic 
treatments and opiate-based pain treatment 
and other factors influence the net androgen 
status in male cancer survivors. Among the 
very few well-controlled studies of androgen 
therapy in various male cancers the findings 
do not establish any consistent benefits of 
androgen therapy and further clinical trials 
would be required before such treatment is 
justified. 


Surgery 


Unilateral orchidectomy for testis cancer 
has little consistent effect on sperm output or 
fertility, if the contralateral testis is normal. 
However, the testis cancer and surgery have 
transient and reversible effects on sperm 
production and output. Post-orchidectomy 
blood FSH and LH are increased moderately, 
but testosterone is unaffected by unilateral 
orchidectomy. Radical prostatectomy or rectal 
cancer surgery can produce high rates of post- 
surgical erectile dysfunction. Improved surgical 
techniques, such as nerve-sparing surgery or 
unilateral instead of bilateral radical 
retroperitoneal lymph-node dissection, can 
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improve post-surgical erectile and ejaculatory 
functions to reduce the prevalence of dry 
ejaculation and erectile dysfunction. 


Chemo/radiotherapy 


Treatment with combination chemotherapy 
and/or therapeutic irradiation virtually always 
causes azoospermia and infertility. However, 
the duration of azoospermia and the degree and 
rate of spermatogenic recovery varies according 
to the regimen used from full (e.g., cisplatinum 
/ vinblastine / bleomycin for teratoma), partial 
(e.g., combination chemotherapy for sarcoma) 
and dose-dependent (e.g., pelvic irradiation 
with testicular shielding for seminoma) 
reversibility over several years after treatment 
to essentially irreversible sterilization (e.g., 
MOPP for Hodgkin disease). In men with 
Hodgkin disease the otherwise inevitable 
sterilization from a standard course of MVPP or 
MOPP may be avoided by using fewer cycles of 
MOPP. 


Therapeutic regimens used to treat Non- 
Hodgkin lymphoma such as VAPEC-B_ or 
VEEP are less gonadotoxic than regimens 
commonly used for Hodgkin disease, possibly 
due to the absence of the potent alkylating 
agents procarbazine and dacarbazine. 


The testis is exceptionally sensitive lo 
ionizing irradiation, with single doses of 20 rads 
(cGy) causing azoospermia and time-to- 
recovery being proportional to dose. Effective 
testicular shielding can greatly reduce testicular 
dosage during pelvic irradiation, but the scatter 
doses (typically ~2% of dose) still well exceed 
the threshold for spermatogenic damage (<0.5% 
of dose). In contrast to other tissues, dose 
fractionation enhances spermatogonial killing. 


Total body irradiation (TBI) given for 
conditioning prior to allogenic hematopoietic 
stem cell transplantation (HSCT) causes severe 
spermatogenic damage. Spermatogenic 
recovery is more likely with younger men (<25 
years of age) and when they remain free of 
chronic Graft- versus-Host disease. A study 
evaluating long-term survivors after HSCT 
reported that 19% of male patients show hypo- 
gonadotropic hypogonadism 1.5 years after 
HSCT, but testosterone levels normalized after 
3 years. 


Thyroid cancer patients who receive a 
single or few standard doses of radioiodine '*'T, 
experience usually only a transient impairment 
of spermatogenesis. 


Besides pretreatment sperm cryo-storage, 
measures to protect reproductive health during 
the treatment include minimizing gonadotoxic 
chemotherapy, maximal testicular shielding 
during radiotherapy, nerve-sparing operative 
techniques and in the future, possibly 
autologous germ cell transplantation. A 
frequent concern among cancer survivors is the 
risk of birth defects in their post-treatment 
offspring. The most comprehensive data 
available indicates that there is no increased 
teratogenic or genetic risk to such offspring. 


Neur ological diseases 
Genetic disorders 


Myotonic dystrophy, an autosomal 
dominant multisystem disorder is the most 
frequent inherited muscle disease of adults, and 
is associated with reduced fertility, testicular 
atrophy, hypospermatogenesis, elevated 
gonadotropin and low or normal testosterone 
levels. 


In Kennedy disease (late onset, X linked 
recessive bulbo-spinal muscular atrophy), the 
progressive neuromuscular atrophy begins in 
the hips and shoulders, progressing to brainstem 
innervated bulbar muscles which results in 
difficulties in walking, speaking and 
swallowing and eventually often in death due to 
respiratory difficulties. In addition there is 
subtle evidence of acquired androgen resistance 
including gynecomastia, androgen deficiency 
symptoms, testicular atrophy and oligo- 
/azoospermia. 


The fragile-X syndrome, the most common 
cause of mental retardation with approximately 
one in 4,000 men affected and which explains 
the male excess in mental institutions, is an X 
linked disorder. It is associated with different 
degrees of mental retardation, subtle 
dysmorphic features and macro-orchidism, 
which often becomes manifest just prior to 
puberty, but shows normal gonadal function. 


Huntington disease (HD) is an adult-onset 
neurodegenerative disorder, which is 
characterized by motor, neuropsychiatric and 
cognitive abnormalities. Individuals affected by 
Huntington disease have been shown to have 
decreased levels of total testosterone and LH 
but normal fertility. 


The reason that these diseases with 
heritable unstable DNA replication all manifest 
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testicular and neurologic dysfunction remains 
unclear. 


A variety of other rare genetic neurological 
disorders involving multiple congenital defects 
are associated with hypogonadotropic 
hypogonadism, presumably due to defective 
neural circuitry involving the hypothalamic 
GnRH neurons and/or their pulse generator. 
These syndromes include the Prader-Labhart- 
Willi syndrome of mental retardation, 
hypotonia, short stature and obesity caused by 
deletions or  uni-parental disomy of 
chromosome 15, the Laurence-Moon-Biedl 
syndrome of retinitis pigmentosa, obesity, 
mental retardation and polydactyly or other 
dysmorphic features, Friedreich and other 
cerebellar ataxia syndromes, multiple lentigines 
syndrome, steroid sulphatase deficiency (X- 
linked congenital icthyosis) and other rare 
congenital neurological syndromes like 
Moebius, RUD, CHARGE, Lowe, Martsolf, 
Rothmund-Thompson, Borjeson-Forssman- 
Lehman syndromes. Such patients may require 
androgen replacement although social factors 
usually dictate that fertility requiring 
gonadotropin induction of spermatogenesis is 
rarely requested. 


Acquired disorders 


Some recent studies observed a negative 
correlation between Alzheimer disease and 
blood testosterone levels, which is most 
probably attributable to non-specific ontogenic 
regression effects of the chronic dementia on 
hypothalamo-pituitary regulation of testicular 
function, in common with many chronic 
diseases. About 25% of men with multiple 
sclerosis (MS) have decreased circulating 
testosterone levels with variable LH levels 
probably attributable to the non-specific effects 
of the underlying chronic inflammatory process. 
In addition, spinal demyelinization leads to 
impaired erectile and ejaculatory function but 
spermatogenesis is not impaired by the disease 
or its treatment with beta interferon. 


Temporal lobe epilepsy is associated with 
hypogonadism and sexual dysfunction, whereas 
other forms of epilepsy have little known 
systematic impact on testicular function. 
Clinical and experimental animal data suggest 
that epileptiform discharges in the temporo- 
limbic system alter the hypothalamo-pituitary 
regulation of (GnRH and gonadotropin 
secretion. 


Temporal lobe surgery normalizes blood 
testosterone values. Low testosterone levels and 
hyposexuality are common in anticonvulsant- 
treated 

epileptics. Anti-convulsants increase hepatic 
SHBG secretion leading to decreased metabolic 
clearance rate for testosterone together with 
increases in total testosterone and 
gonadotropins, while free testosterone levels are 
decreased. Sperm output remains normal but 
morphology and motility are impaired during 
long-term treatment with phenytoin. 


Spinal cord damage from trauma or 


neurological disease causes testicular 
dysfunction depending in severity on the level 
and extent of spinal cord interruption. 


Testicular function is disrupted by aberrant 
thermoregulation, recurrent ascending urinary 
tract infections from bladder catheterization and 
neurogenic dysfunction and iatrogenic factors 
(diagnostic irradiation, drugs). Hypo- 
spermatogenesis and testicular atrophy is 
usually observed in men with long-term spinal 
injuries, but fertility may be preserved by 
timely sperm cryopreservation using electro- 
ejaculation coupled with assisted fertilization. 
Impotence is predominantly due to interruption 
of neural pathways controlling erection and 
emission while libido remains appropriate for 
age. Conservation of sexual function depends 
upon the level and extent of the spinal injury. 


Head injuries may cause gonadotropin 
deficiency due to disruption of the pituitary 
portal blood stream and/or pituitary infarction 
following basal skull fractures. 


Lowered blood testosterone levels are 
associated with various psychiatric disorders, 
such as schizophrenia. 


Dysthymic disorders in elderly men are 
associated with low blood testosterone levels 
when compared with men with no depression or 
major depression. Cluster headache has also 
been associated with low blood testosterone and 
some modest therapeutic benefit of testosterone 
treatment. 


Gastrointestinal diseases 


Coeliac disease is associated with delayed 
puberty, sub-fertility, impaired sperm output, 
morphology and motility together with elevated 
blood testosterone, SHBG and gonadotropin 
levels, whereas with decreased dihydro- 
testosterone levels. These changes are 
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reversible upon dietary improvement of the 
gluten enteropathy. This distinctive endocrine 
pattern is suggestive of acquired androgen 
resistance (e.g., high testosterone levels which 
fail to suppress LH secretion) and/or inhibition 
of 5-a@ reduction; however, detailed studies of 
androgen receptor function or action are 
lacking. Opioidergic hypothalamic activation 
by gluten peptides has been suggested as a 
mechanism that deranges the gonadal axis. 


Inflammatory bowel disease (IBD) is often 
associated with a delayed puberty, which is 
more common in Crohn's disease than in 
ulcerative colitis. Serum gonadotropin levels 
are inconsistently reported to be both increased 
or decreased. The underlying mechanism may 
involve a combined effect of under-nutrition 
and cytokines as TNFa. Postpubertal testicular 
endocrine function is often unaffected but 
spermatogenesis frequently impaired. Hypo- 
spermatogenesis in Crohn's disease is possibly 
related to fever, chronic illness, inflammatory 
mediators and/or nutritional status. Similarly 
men with ulcerative colitis taking salazopyrine 


exhibit impaired spermatogenesis, sperm 
function and male fertility. Semen parameters 
improve in patients switching from 


salazopyrine to 5-amino-salicylic acid; patients 
who have not completed their families should 
be treated with the latter drug. Patients with 
IBD have higher frequency of antisperm 
antibodies (ASA), possibly due to increased 
intestinal permeability and immunization 
against antigens of the intestinal flora. ASA are 
also increased after diarrhoeal diseases in 
shigellosis and salmonellosis. 


Peptic ulceration has no reported effects 
on testicular function, although treatment with 
the H-receptor blocker cimetidine impairs 
testicular function by androgen receptor 
antagonism unrelated to its H»-receptor 
blocking activity. These effects are not 
observed with ranitidine and other H, receptor 
blockers or other anti-acid drugs. 


Hematological diseases 


Hemoglobinopathies are associated with 
delayed puberty. In regularly transfused 
children with B-thalassemia transfusion-induced 
iron overload leads to acquired gonadotropin 
deficiency functionally similar to that of genetic 
hemochromatosis. Prepubertal onset of iron 
chelation therapy enhances pubertal maturation, 
presumably by preventing pituitary siderosis. 


A large proportion of adult men with £- 


thalassemia major suffer from hypo- 
gonadotropic hypogonadism and impaired 
semen parameters. Iron overload may 


predispose sperm to oxidative injury and to 
increased DNA damage. Data about sickle cell 
anemia are conflicting with the majority of 
studies, suggesting a primary testicular problem 
with high gonadotropin levels and a normal 
gonadotropin-response upon GnRH stimulation, 
but sickle cell patients can, however, develop a 
secondary hypogonadism and have reportedly 
poor spermatogenesis. The variation may 
depend on the predominant location of the 
ischemic micro-infarcts due to episodes of 
sickling. 


Iron deficiency anemia has no recognized 
effects on testicular function but megaloblastic 
anemia from folate or vitamin B deficiencies 
inhibits DNA replication in the marrow and 
might cause arrest of the germinal epithelium. 
Hemophilia is associated with a striking 
reduction in male fertility. 


Endocrine and metabolic diseases 


Thyroid disease influences male 
reproductive function with the most striking 
effects manifest through changes in circulating 
SHBG levels transient spermatogenic damage 
from radioactive iodine treatment of thyroid 
cancer. Thyroid hormones stimulate hepatic 
SHBG synthesis so hyperthyroidism increases 
circulating SHBG levels and hypothyroidism 
causes low SHBG levels, changes which are 
reversed by normalization of thyroid hormone 


levels. The rise in SHBG decreases the 
testosterone clearance rate, resulting in 
increased total testosterone, estradiol and 


gonadotropin levels. The net effect on overall 
tissue androgen action remains unclear. 
Clinical features include gynecomastia, erectile 
dysfunction and ejaculatory disorders in a 
substantial number of cases. These symptoms 
resolve when a euthyroid state is regained. 
Spermatogenesis is depressed in thyrotoxicosis 
and long-standing hypothyroidism of 
prepubertal onset but is little affected by 
postpubertal hypothyroidism: Sperm motility is 
the major fertility parameter affected by 
hyperthyroidism and improves upon treatment. 


Congenital adrenal hyperplasia, most 
commonly caused by  21l-hydroxylase- 
deficiency can lead to secondary testicular 
failure, impaired spermatogenesis and 
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infertility, although the majority of treated and 
untreated men are fertile. Gonadal dysfunction 
can be due to inhibition of gonadotropin 
secretion by high blood concentrations of 
adrenal androgens, but aberrant adrenal cells in 
the testes, so called testicular adrenal rest 
tumors, can lead to azoospermia and eventually 
severe testicular damage by obstruction and 
congestion of seminiferous tubules after 
stimulation by the chronically elevated 
adrenocorticotropic hormone (ACTH). 


Hypercortisolism from any cause can 
inhibit testicular function at multiple levels of 
the HPT axis, leading to a reduction in 
circulating testosterone and gonadotropin 
levels which is reversed by interruption of the 
exposure to excessive glucocorticoids. The 
degree to which androgen deficiency 
contributes to the catabolic state and symptoms 
of sexual dysfunction and weakness during 
hypercortisolism is unclear. The mechanisms 
involve multiple levels of the HPT axis 
including inhibition of hypothalamic GnRH 
secretion, of GnRH stimulated pituitary LH 
secretion and of LH stimulation of Leydig cell 
testosterone biosynthesis. 


The effects of diabetes mellitus (DM) on 
male reproductive function are primarily due to 
neuropathic and vascular complications of 
diabetes causing erectile and/or ejaculatory 
dysfunction, whereas direct effects of 
hyperglycemia on testicular function are not 
well established. Several studies report mildly 
decreased testosterone levels in men with type 
2 DM which most likely reflect multiple factors 
mediating effects of chronic disease (via 
hypothalamic ontogenic regression 
mechanism), obesity (via lowered SHBG) and 
impaired Leydig cell steroidogenesis. Subjects 
with type 1 DM by contrast are reported to 
have normal TT and gonadotropin levels. 
While some preliminary evidence suggests that 
testosterone replacement therapy improves 
insulin sensitivity in healthy men with low 
testosterone levels and has beneficial effects on 
insulin resistance, decreased hyperglycemia 
and visceral fat in obese middle-aged men and 
patients with type 2 DM, more powerful 
studies appear warranted to evaluate critically 
the benefits and risks of testosterone adjuvant 
therapy in diabetic men to reduce vascular 
complications. 


Spermatogenesis and fertility are little 
affected in men with diabetes whose sexual 


function is intact. Apart from reduced semen 
volume attributable lo defective neurally- 
mediated ejaculatory function, men with 
diabetes have normal conventional sperm 
parameters, although some increase in sperm 
nuclear and, mitochondrial DNA damage of 
uncertain clinical significance has been 
reported. 


Recent studies have reported a relationship 
between the metabolic syndrome and 
biochemical androgen deficiency. This has 
been defined as a positive relationship between 
low blood testosterone levels and insulin 
insensitivity manifested clinically as an overlap 
between hyperglycemia, hyperinsulinemia and 
obesity. The causality of this association 
remain inconclusive but it is likely that 
testosterone deficiency is the consequence 
rather than the cause of impaired metabolic 
status. 


Anorexia nervosa is rare in males but then 
causes profound inhibition of testicular 
endocrine function. Anorectic males show low 
testosterone levels with low gonadotropin and 
poor responses to GnRH stimulation. Weight 
gain is associated with increasing testosterone 
and LH levels, consistent with positive 
correlation with leptin levels. 


The effects of moderate under-nutrition or 
selective dietary micronutrient deficiencies 
(e.g., vitamins, cofactors) on human testicular 
function are less clear. 


Obesity inhibits testicular endocrine 
function and has negative effects on 
spermatogenesis and fertility. Obese boys 
show delayed pubertal development with 
decreased testosterone levels for chronological 
age, but ultimately normal growth and normal 
testicular development. The decreases in 
blood testosterone and SHBG levels are 
proportionate to the degree of overweight, 
whereas blood estradiol levels are increased, 


probably due to increased aromatase- 
dependent peripheral conversion of 
testosterone to estradiol. 

These hormonal changes are not 


accompanied by overt clinical features of 
androgen deficiency and are reversed by 
weight reduction. Moderate obesity has little 
overt effect on male reproductive function but 
may contribute to the decline of hypothalamus 
and pituitary testicular function in aging men. 
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Immune diseases 


Most autoimmune diseases have a marked 
(>5:1) female predominance (e.g., systemic 
lupus erythematosus, chronic active hepatitis, 
chronic biliary cirrhosis) which remains 
unexplained and testicular involvement in 
immune disease is unusual apart from 
polyarteritis nodosa where testicular biopsy 
may be diagnostic. Rheumatoid arthritis causes 
prolonged depression of testosterone levels 
during flares of disease activity with 
spontaneous recovery during remission. Among 
men with longstanding rheumatoid arthritis 
with and without glucocorticoid treatment, there 
is a high prevalence of impaired testicular 
endocrine function. Testicular endocrine 
function is normal in men with ankylosing 
spondylitis, systemic lupus erythematosus or 
osteoarthritis. Treatment of immunological 
diseases with cytotoxic drugs may lead to 
severe, dose-dependent and sometimes 
irreversible spermatogenic damage typical of 
alkylating agents. 


Autoimmune orchitis is a rare component 
of the organ-specific autoimmune cluster and 
autoimmune hypophysitis causing isolated 
gonadotropin deficiency or panhyopituitarism is 
also uncommon. 


Infectious diseases 


Systemic infections often influence 
testicular function even without causing 
orchitis. Many mechanisms are involved, 


including the effects of fever, inflammatory 
mediators such as tumor necrosis factor-a and 
cytokines, weight loss and chronic catabolism. 
The net effects depend on the severity and 
duration, as well as the site of infection. 


Epididymo-orchitis is rare in prepubertal 
boys, but occurs in 15-30% of mumps-affected 
pubertal or postpubertal males with 15-30% of 
cases being bilateral so that, despite the well- 
known association, overall, mumps only rarely 
leads to infertility which can then be managed 
as for other forms of male infertility. 


The = pathophysiological mechanisms 
include direct viral infection of the tubules, 
pressure-induced necrosis of seminiferous 
tubules due to parenchymal edema within the 
tight testicular capsule as well as strong 
associated inflammatory reaction. Direct 
testicular damage is evident in the acute phase 
with prominent decrease in blood testosterone 


and reflex increase in blood gonadotropins prior 
to the testicular atrophy which occurs in up to 
half of the infected men. Reports that treatment 
of mumps-orchitis with interferon Alpha 2B 
prevents testicular atrophy and might protect 
fertility require further verification. However, 
vaccination remains the best protection against 
mumps associated infertility. 


The prevalence of symptomatic androgen 
deficiency among HIV-positive men with 
advanced disease before highly active 
antiretroviral therapy (HAART) was recently 
reported to be 6%. Before HAART was 
available, androgen deficiency was reported in 
~50% of men with AJDS, whereas now ~20% 
of AIDS patients have low blood testosterone 
levels. The majority of HIV-infected men show 
hypogonadotropic or normo-gonadotropic 
hypogonadism, indicative of a hypothalamo- 
pituitary dysregulation, whereas after 
progression to AIDS, LH and FSH levels rise 
and postmortem evaluation shows testicular 
atrophy. 


Spermatogenic damage in men with AIDS 
is almost universal at postmortem whereas 
spermatogenesis is unaffected in asymptomatic, 
HIV seropositive men but deteriorates with 
clinical status and treatment. 


Androgen deficiency in AIDS is associated 
with weight loss, including loss of muscle mass, 
consistent with the non-specific effects of other 
chronic non-testicular, diseases. 


HIV-associated malignancies such as 
lymphomas or opportunistic infections such as 


toxoplasmosis can cause mass lesions 
disrupting the hypothalamo-pituitary-testicular 
axis on all levels. Additional factors 


[400] 


contributing to hypogonadism in HIV patients 
include medications commonly used in this 
group (such as ketoconazole, megestrol-acetate, 
gancyclovir, spironolactone) or the prevalent 


use of drugs like opiates, alcohol and 
marijuana. 
Testosterone replacement therapy in 


symptomatic HIV-positive men has beneficial 
effects on the body composition and improves 
the quality of life in androgen-deficient men 
with AIDS wasting syndrome. 


Sexually transmitted diseases may 
influence fertility by impairing spermatogenesis 
(e.g., ureaplasma urealyticum can cause 
asthenozoospermia and disruption of DNA 
condensation) or by causing urethral strictures 
and epididymo-orchitis (e.g., gonorrhoea). The 
negative impact of male chlamydia infection on 
a couple's fertility (due to transmission to the 
female) is well known, but direct influence on 
male fertility is uncertain, although increased 
sperm DNA damage and a direct interaction 
between sperm and chlamydia has been 
reported. 


The genital manifestation of lepromatous 
leprosy leads in up to 50% of affected subjects 
to testicular atrophy and hypergonadotropic 
hypogonadism, whereas tuberculoid leprosy 
rarely leads to hypogonadism, which is mainly 
secondary to granulomatous disease of the 
hypothalamus. 


Tuberculosis can lead lo hypogonadotropic 
hypogonadism by disruption of the gonadal axis 
and may infiltrate the genito-urinary tract, 
causing epididymitis and consequently 
infertility. 


Section 8: Etiology of male infertility 


Chapter 50: Male infertility due to special semen 


abnor malities 


Normal spermatozoa and isolated 
abnormalities of seminal plasma 


Introduction 


Men producing ejaculates with normal 
concentration, motility and morphology of 
spermatozoa, but abnormal seminal plasma, 
may not be optimally fertile. Isolated 
abnormalities of seminal plasma may result 
from multiple causes affecting the function of 
the accessory sex glands, which usually is 
irreversible. If the postcoital test is abnormal, 
intrauterine insemination of spermatozoa 
prepared in vitro yields excellent success 
rates. 


Definition 


The diagnostic classification of normal 
spermatozoa and isolated seminal plasma 
abnormalities is given when sperm 
concentration, sperm motility and sperm 
morphology are better than the reference 
values for fertile men, but there are 
abnormalities in the physical, biochemical or 
bacteriological composition of the seminal 
plasma, an increased number of white blood 
cells, or agglutination with a negative test for 
antisperm antibodies. 


These patients do not fulfill the criteria 
for the diagnosis of male accessory gland 
infection or any other pathology. The 
significance of isolated abnormalities of 
seminal plasma for the couple's infertility has 
to be assessed by means of complementary 
tests. 


Aetiology and Pathogenesis 


Seminal plasma is composed of the 
secretion products of the accessory sex glands: 
mainly the seminal vesicles and the prostate. 
During normal ejaculation, the fluids from the 
prostate and epididymides are expelled first. 
This first fraction of the ejaculate has a 
volume of 0.5- 1-0 ml, is liquid, and has an 
acidic pH (6.0-6.5). The second fraction 


[401] 


contains the secretions of the seminal vesicles. 
It is coagulated, has an alkaline pH and the 
normal volume varies between 1.0 and 5.0m. 
In vitro, the coagulum is liquefied after 
approximately 30 min thanks to the enzymatic 
activity of the prostate-specific antigen (PSA). 
Inadequate secretion by the accessory sex 
glands, in quantity and/or in quality, will 
result in abnormal ejaculate volume (less 
than 1.5-2 ml or more than 6 ml), and/or 
abnormal seminal pH, and/or poor or absent 
liquefaction. Normal seminal plasma is 
relatively clear. It may become cloudy due to 
the presence of mucous streaks or an increased 
number of while blood cells. Poor liquefaction 
occurs in case of decreased secretion of PSA 
by the prostate. These abnormalities may 
impair the transition of spermatozoa, which 
are normal in number, motility and 
morphology, from the semen into the cervical 
mucus, decreasing the probability of 
conception. 


Also, the osmolarity of the seminal 
plasma may be abnormal, decreasing the 
longevity of the spermatozoa and inducing 
curling of the sperm tails. 


There is some evidence suggesting that 
abnormal seminal plasma may impair sperm 
function and chromatin stability because of 
the inadequate amount of substances such as 
zinc or calcium. Also, the secretions of the 
epididymides and the prostate are the major 
source of antioxidants in semen. Impaired 
epididymal function may be associated with 
decreased antioxidant capacity of the seminal 
plasma, causing an imbalance between 
oxidative stress and antioxidant protection. 
This then will damage both the sperm 
membrane and the DNA composition. 


Isolated seminal plasma abnormalities 
may be found after successful eradication of 
male accessory gland infection, or in cases 
with inflammation but no current infection. It 
may be associated with varicocele or 
hypoandrogenism, but in these cases the 


characteristics of the spermatozoa are 
commonly abnormal, excluding the diagnosis 
of isolated seminal plasma abnormalities. 


Clinical and Laboratory Findings 


History taking may reveal an episode of 
infection of the urinary tract that has 
disappeared either spontaneously or after 
treatment. Some patients report decreased 
orgasmic feeling or may have observed either 
a decreased volume or abnormal appearance 
of the ejaculate. 


The epididymides may be enlarged or 
nodular upon palpation, or painful in case of 
current inflammation. Usually testicular 
volume and consistency are normal. 


Echography of the pelvic organs may 
reveal signs of past infection of the prostate, or 
abnormal appearance of the seminal vesicles. 


Analysis of blood, including tests for 
infection and hormone measurements are 
normal. There should be no antisperm 
antibodies in serum. The test for antibodies 
against Chlamydia trachomatis may be 
positive. 


Urine analysis may reveal signs of 
inflammation of the urinary tract, and the 
urine obtained after massage of the prostate 
may contain an increased number of white 
blood cells. 


Upon semen analysis, the concentration, 
motility and morphology of spermatozoa 
must be better than the reference values. 
Obviously and by definition, the seminal 
plasma must be abnormal from the physical, 
biochemical or bacteriological point of view, 
or contain an increased number of white 
blood cells, or spermatozoa may present 
agglutination. A test for the detection of 
antibodies attached to the spermatozoa must 
be performed, and should be negative. 


In order to assess the importance of the 
isolated seminal plasma abnormality as a 
cause of the couple's infertility, an in vivo test 
of semen-cervical mucus interaction is 
recommended, namely the postcoital test (also 
called the Sims-Huhner test). If the result of 
this test is normal, the isolated seminal plasma 
abnormalities are considered not to be the 
cause of the infertility. Nonetheless, the 
functional capacity of the spermatozoa may be 
impaired due to oxidative stress, and treatment 
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with food supplements is suggested to 
counteract this. If, by contrast, the postcoital 
test is abnormal (poor or negative after 
repeated performance), the isolated 
abnormality of the seminal plasma may be 
relevant for the infertility problem, and 
treatment by means of intrauterine 
insemination may be indicated. 


Differential Diagnosis 


Abnormal seminal plasma may occur in 
combination with abnormal spermatozoa in 
diseases such as male accessory gland 
infection, varicocele, or endocrine cause. The 
diagnosis of isolated seminal plasma 
abnormalities is not applicable in these cases, 
since this requires spermatozoa to be normal. 
Also, immunological infertility must be 
excluded by means of a test detecting the 
presence of antisperm antibodies on the 
spermatozoa. 


Treatment 


It is generally not possible to correct an 
abnormality of the seminal plasma, since it is 
commonly related to a permanently 
inadequate function and secretion of the 
accessory sex glands. This implies that the 
secretory cells have been damaged beyond 
repair. Since the spermatozoa are normal, 
and in case the postcoital test is abnormal, 
insemination should be recommended. For 
optimal results, artificial insemination is 
performed within 5-6 h after ovulation, 
which requires careful monitoring of the 
cycle, possibly associated with induction of 
ovulation by means of human chorionic 
gonadotrophin. The semen is ejaculated 
directly into a receptacle containing culture 
medium with 3% human serum albumin, in 
an amount equal to the volume of semen. 
Alternatively, a small amount of bromelain 
or alpha-chymotrypsin can be added to the 
semen after ejaculation in order to liquefy it 
in cases of hyperviscosity of the seminal 
plasma. It is suggested to immediately 
prepare the semen for insemination using a 
density gradient column. Intrauterine 
insemination may be preferable, but intra- 
cervical insemination can be considered as 
well. There is no advantage to inducing 
hyper-ovulation, since this will increase the 
risk of multiple pregnancies, without 
increasing the clinical pregnancy rate. 


Giving the male patient a combination of 
antioxidants in the form of a food supplement 
will reduce the oxidative damage to the 
spermatozoa. This improves their functional 
capacity, increases the induced acrosome 
reaction, improves the rate of sperm-oocyte 
fusion, and increases the probability of 
successful pregnancy. 


In vitro fertilization with or without 
intracytoplasmic sperm injection is rarely 
indicated. 


Results of Treatment 


Provided there is no demonstrable 
abnormality in the female partner or a possible 
abnormality has been corrected, the result of 
the treatment described above is excellent. In 
cases with abnormal postcoital test, more than 
75% of couples attain normal pregnancy upon 
the first insemination cycle. Up to 90% of 
couples are successful within three cycles of 
insemination. Some cases with normal 
postcoital test may also benefit from 
insemination and food supplementation of the 
male partner. 


If correctly performed insemination 
remains unsuccessful, in vitro fertilization 
with ICSI may be indicated, and will have the 
success rate that is typical for this treatment. 


Oligo-astheno-terato-zoospermia 
with no demonstrable cause 
(Idiopathic 0-A-T) 


Introduction 


In approximately one out of four cases 
with abnormal sperm quality and oligo- and/or 
astheno- and/or teratozoospermia, no causal 
factor can he identified. 


It is probable that a synergistic 
combination of internal and, mainly, external 
factors (lifestyle, nutrition, environment) are 
involved. 


In patients with idiopathic oligo- 
zoospermia and FSH that is not elevated, anti- 
estrogen treatment with tamoxifen increases 
sperm concentration and enhances the 
probability of conception. 


A complete approach of the multiple 
factors associated with idiopathically impaired 
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sperm quality should be completed by food 
supplementation. 


After sperm quality has been optimized, 
intra-uterine insemination, or - if need be - 
assisted reproduction, are indicated. 


Definition of the disease 


The diagnosis of idiopathic oligo- 
zoospermia is given in men with normal 
sexual and ejaculatory function, with 


spermatozoa present in the ejaculate but sperm 
concentration lower than 20 million/ml, and in 
whom no other diagnosis is applicable. 
Idiopathic asthenozoospermia is accepted if 
sperm concentration is higher / than 20 
million/ml, but sperm motility is below the 
reference values, and no other diagnosis is 
applicable. Idiopathic  teratozoospermia 
means that sperm concentration and motility 
are better than the reference values, but the 
proportion of spermatozoa with normal 
morphology is below the reference value. 
Idiopathic cryptozoospermia is diagnosed in 
patients with extremely low — sperm 
concentration, where no spermatozoa are seen 
in the fresh sample, but a few spermatozoa are 
recovered from the sediment after 
centrifugation, and none of the other diagnoses 
is applicable. 


The term "idiopathic" may only be used 
if careful history taking, clinical examination 
and technical investigations have failed to 
detect any of the causal factors. It describes a 
condition diagnosed on the basis of exclusion 
criteria. 


Aetiology and Pathogenesis 


By definition, there is no known 
aetiological factor explaining the abnormal 
quality of the spermatozoa. Several 
hypotheses have been developed, some of 
which have been supported by indirect 
evidence. It has been postulated that some 
patients with idiopathic oligozoospermia may 
suffer from unexplained partial obstruction 
of sperm transport at the level of the 
epididymis. However, the majority of the latter 
patients have a history of accessory gland 
infection, or previous hernia repair, or 
cryptorchidism. Also, partial obstruction has 
been associated with chronic sinopulmonary 
infections in so-called Young's syndrome. The 
latter has, however, no longer been reported in 
recent decades and seems to have disappeared 


spontaneously. Others have described partial 
obstruction in association with varicocele but 
these cases must not be categorized as 
idiopathic. In addition, many patients with 
oligozoospermia related to partial obstruction 
present antisperm antibodies in serum, and 
they must be considered as suffering from 
immunological infertility. 


Other cases present abnormalities at the 
level of the rete testis that can be revealed by 
careful echography. Typically, the structures 
of the rete appear distended, possibly as a 
result of a defective embryonic development. 
Abnormal development of the rete and 
efferent ductules, causing oligo-, crypto- or 
azoospermia in the human male may be due to 
prenatal malformation resulting from the 
intake and accumulation of hormone 
disrupting substances by the mother. 


Sperm production and quality are also 


influenced by lifestyle factors and 
professional as well as environmental 
influences. 


Nutritional factors include inappropriate 
calorie intake with, seldom, severe 
underweight (BMI < 19) or, more commonly, 
overweight (BMI >25) or obesity (BMI > 30). 
These conditions are associated with lower 
testicular volume. 


Men suffering from infertility were found 
to consume fewer foodstuffs rich in essential 
fatty acids of the omega-3 group, but 
excessive amounts of omega-6 group fatty 
acids. There was a direct positive correlation 
between the intake of omega-3 (alpha- 
linolenic acid) and both sperm concentration 
and proportion of progressive motility. 


Excessive production of endogenous 
oestrogens by increased aromatase activity in 
fat tissue, or relatively high nutritional intake 
of oestrogen-like hormone disrupters or heavy 
metals originating from the environment or the 
workplace, are associated with idiopathic 
oligozoospermia. 


Clinical findings 


History taking usually does not reveal any 
relevant data. Upon physical examination, 
obesity may be found, and commonly 
testicular volume and palpation of the scrotal 
content are inconspicuous. Technical 
investigations reveal no remarkable findings. 
Routine blood and urine analysis do not show 
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any abnormalities, but testosterone may be in 
the lower range of normal, and LH is not 
elevated. In spite of a low sperm 
concentration, serum FSH is usually not 
increased and serum inhibin B may be normal. 


Differential Diagnosis 


It is of utmost importance to exclude all 
possible causal factors, since the diagnosis of 
idiopathic sperm deficiency is - by definition - 
only applicable if no other factor can be 
detected. Special attention must be paid to 
excluding small or subclinical varicoceles and 
subtle congenital as well as genetic factors. 


Treatment 


Treatment should aim at correcting 
nutritional habits and other factors such as 
smoking, taking hot baths, abusing alcohol, 
and a sedentary lifestyle. Counselling may be 
considered to relieve stress. The regular intake 
of a nutritional supplement containing 
flaxseed oil and antioxidants was 
demonstrated to be helpful. 


If, in spite of these measures, sperm 
morphology remains extremely poor (less 
than 3%-4% spermatozoa with normal 
morphology), IVF using the small drop 
technique or complemented by ICSI is the 
best option to resolve the fertility problem. If, 
in contrast, sperm morphology is better than 
4% normal forms, a treatment with the anti- 
oestrogen tamoxifen 20 mg/day is indicated 
in patients with serum levels of LH and FSH 
that are not elevated. Certain authors add an 
androgen to the tamoxifen intake, but this 
may not be necessary in cases where the 
endogenous testosterone concentration 
significantly increases during tamoxifen 
intake. In general, tamoxifen treatment more 
than doubles sperm concentration, and 
improves sperm motility, but it has little effect 
on sperm morphology. Treatment must be 
given for at least 6 months in order to exert its 
full effect. 


After a sufficient period of tamoxifen 
intake, when sperm characteristics have 
improved, intrauterine insemination may be 
added in order to increase the probability of 
conception and to shorten the time to 
pregnancy. If this treatment fails [VF and ICSI 
are indicated. 


Results of Treatment 


Assisted reproductive technology with 
IVF possibly associated with ICSI results in a 


take-home baby rate of about 20% per 
attempt, and 35% after four attempts. 
Approximately 30%-35% of couples attain a 
spontaneous normal pregnancy within 6 
months of treatment with tamoxifen, either or 
not combined with testosterone undecanoate. 
Three cycles of intrauterine insemination in 
cases with sperm characteristics exceeding the 
minimal requirements will produce normal 
pregnancies in between 40% and 50% of 
couples. Provided that ovarian hyper- 
stimulation is avoided, there is no increased 
prevalence of multiple pregnancies. 


Prognosis 


Moderate idiopathic oligo-, astheno- or 
teratozoospermia may regress spontaneously 
when negative external causes have been 
eliminated. The treatment-independent 
pregnancy rate in such couples is better than 
that seen in cases with a demonstrable causal 
factor. The duration of infertility together with 
the age of the female partner are the most 
important elements influencing the treatment- 
independent pregnancy rate and, therefore, the 
management of choice. 


Prevention 


Since idiopathic sperm deficiency seems 
to be related to unhealthy lifestyle and 
exposure to environmental influences, 
correcting the former and avoiding the latter 
may prevent the condition from occurring. 
Avoiding obesity, balancing the intake of 
essential fatty acids, refraining from tobacco 
smoking and recreational drugs, limiting 
alcohol consumption, and correcting 
inadequate nutritional intake of antioxidants 
may prevent sperm deterioration. 


Azoosper mia 


Testicular dysfunction is the main cause 
of azoospermia. Testicular dysgenesis is an 
important cause of testicular dysfunction and 
can be explained by genetic and 
environmental factors during early fetal 
development. Obstructive azoospermia can be 
a treatable cause of male infertility and occurs 
in 15% to 20% of azoospermic men. 
Hormonal investigations, scrotal ultrasound 
and genetic screening are essential tools in the 
evaluation of the azoospermic man. 


Definition 
Azoospermia is the total absence of 
spermatozoa in the ejaculate. 
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Azoospermia should be distinguished 
from the absence of semen caused by 
ejaculatory disorders, such as anejaculation 
and retrograde ejaculation. The diagnosis is 
made by semen analysis according to the 
WHO guidelines (WHO 1999); the absence of 
spermatozoa must be confirmed by 
centrifugation of the semen at 3,000g for 15 
min and microscopic examination of the 
pellet. 


Azoospermia is found in 10% of male 
infertility cases and is caused by a testicular 
insufficiency in the majority of patients. In 
20%, a bilateral obstruction of the male 
genital tract is responsible for the 
azoospermia. 


There has recently been renewed interest 
in azoospermia, mainly because of new 


therapeutic options for obstructive 
azoospermia and some cases of non- 
obstructive azoospermia. Through intra- 


cytoplasmic sperm injection combined with 
microsurgical epididymal sperm aspiration 
and testicular sperm extraction, biological 
parenthood can be offered to couples for 
whom pregnancy used to be impossible. 
However, these techniques also raise questions 
about the safety of using immature 
spermatozoa for micromanipulation. Several 
congenital diseases and genetic disorders, 
leading to ductal obstruction or testicular 
failure, can be transferred to a subsequent 
generation through ICSI. Our knowledge of 
the genetics and _ pathophysiology of 
azoospermia is still limited and more research 
on this issue is needed. Currently the technical 
advances are ahead of the basic understanding 
of the mechanisms that lead to ductal 
obstruction and testicular failure. 


Classification 


A classification of azoospermia can be 
based on obstructive and non-obstructive 
forms. 


Non-obstructive azoospermia can be 
subdivided into several aetiological categories, 
according to the histological pattern found on 
testicular biopsy. Table 50.1 summarizes the 
most common causes of testicular failure. 


Non-obstructive azoospermia is 
characterized by hypergonadotropic hypo- 
gonadism: bilateral small testes and elevated 
follicle-stimulating hormone (FSH) are found. 


Table 50.1: Classification of nonobstructive 


azoospermia, based on the results of a testicular biopsy. 


1. Hyposper matogenesis 

Idiopathic 

Cryptorchidism 

Drugs, cytotoxic therapy 

Irradiation 

Systemic illness 

Hypogonadotropic hypogonadism 

2. Maturation arrest 

Idiopathic (probably genetic of origin) 
3. Germinal aplasia (Ser toli-cell-only syndrome) 
Idiopathic 

Cytotoxic therapy 

Irradiation 

Y chromosome microdeletions 

Other genetic disorders 

4. Seminiferous tubular sclerosis 
Klinefelter's syndrome 

Vascular injury/testicular torsion 
Viral (mumps) orchitis 


For the definitive diagnosis of testicular 
failure, a testicular biopsy is needed. However, 
this procedure is performed only to exclude 
obstructive azoospermia, when physical 
examination and FSH are normal. Since FSH 
feedback is determined by the function of the 
Sertoli cells, maturation arrest and even some 
form of germinal aplasia (Sertoli-cell-only 
syndrome) can be present with normal FSH 
levels. Non-obstructive azoospermia is also 
caused by hypo-gonadotropic hypogonadism, 
which is much less common than 
hypergonadotropic hypo-gonadism. 


Obstructive azoospermia is less frequent 
and occurs in 15%-20% of men with 


azoospermia. Common causes of obstructive 
azoospermia are summarized in table 50.2. 


Men with obstructive azoospermia 
present with normal size testes and normal 
FSH. On examination, enlargement of the 
epididymis can be found and sometimes the 
vas deferens appears absent, due to congenital 
factors or previous inguinal or scrotal surgery. 
Although obstructions in primary infertile men 
are commonly present at the epididymal level, 
other sites of obstruction are the ejaculatory 
ducts and the vas deferens. In 25% of men 
with a suspected obstruction, no spermatozoa 
are found in the epididymis during scrotal 
exploration, indicating that there is an 
intratesticular obstruction. 


Table 50.2: Classification of obstructive azoospermia on the basis of ductal obstruction due to 


congenital and acquired causes. 


1. Epididymal obstruction 
Congenital forms 
Acquired forms 


Idiopathic epididymal obstruction 
Post-infective (epididymitis) 


Postsurgical (epididymal cysts) 


2. Vas deferens obstruction 
Congenital forms 
Acquired forms 


Congenital absence of the vas deferens 
Post-vasectomy 


Postsurgical (hernia, scrotal surgery) 


3. Ejaculatory duct obstruction 
Congenital forms 
Acquired forms 


Prostatic cysts (Miillerian cysts) 
Postsurgical (bladder neck surgery) 


Post-infective 


[406] 


Investigations 
Semen Analysis 


Additional seminal tests are alpha- 
glucosidase and fructose for epididymal 
obstruction and ejaculatory duct obstruction. 
Alpha-glucosidase is mainly produced by the 
epididymis and is significantly reduced in 
cases of epididymal obstruction. Fructose is 
produced by the seminal vesicles and is 
decreased in case of ejaculatory duct 
obstruction (EDO). 


Hormonal Investigation 


Endocrine malfunctions are more 
prevalent in infertile men than in the general 
population, but still quite uncommon. 
Hormonal screening can be limited to 
determining FSH, luteinizing hormone (LH) 
and testosterone levels. In men diagnosed with 
azoospermia or extreme oligozoospermia, it is 
important to distinguish between obstructive 
and nonobstructive causes. A criterion with 
reasonable predictive value for obstruction is a 
normal FSH with bilaterally a normal 
testicular volume. However, 29% of men with 
a normal FSH appear to have a defective 
spermatogenesis. 


Hypergonadotropic hypogonadism (elevated 
FSH/LH) 


Hypergonadotropic hypogonadism is a 
primary testicular development disorder with 
an elevated production of gonadotrophins. It is 
an isolated failure of spermatogenesis and 
generally not caused by a disruption of the 
endocrine system. The main causes are: 


e Congenital: Klinefelter syndrome, anorchia, 
enzyme defects in the androgen synthesis, 
cryptorchidism. 


e Acquired: after orchitis, testicular torsion, 
castration, cytotoxic therapy. 


Hypogonadotropic hypogonadism (deficient 
FSH/LH) 


The main causes of low levels of 
gonadotrophins due to a dysfunction of the 
pituitary gland or hypothalamus are: 


e Congenital: isolated arrest of FSH and LH 
secretion (Kallmann's syndrome, accompanied 
by anosmia), isolated arrest of LH secretion 
(fertile eunuch), idiopathic hypopituitarism, 
delayed puberty. 
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e Acquired: generally as an expression of a 
more complex disorder of the pituitary gland 
or hypothalamus, or iatrogenic [gonadotropin 
- releasing hormone (GnRH) agonists and 
anti-androgens]. 


In case hypogonadotropic hypogonadism 
is suspected, the medical examination should 
include an MRI scan of the pituitary gland. 


Microbiological Assessment 


An indication to carry out microbiological 
assessment may be abnormal urine samples, 
urinary tract infections, male accessory gland 
infections (MAGIs) and sexually transmitted 
diseases (STDs). The clinical implication of 
the detection of white blood cells in a semen 
sample is as yet undetermined. In combination 
with a small ejaculate volume, this may point 
to a (partial) obstruction of the ejaculatory 
ducts caused by a (chronic) infection of the 
prostate or the seminal vesicles. Genital 
infections may stimulate the production of 
spermatotoxic free oxygen radicals. 
Gonorrhoea and Chlamydia trachomatis can 
also cause obstruction of the genital tract. 


Genetic Evaluation 


A substantial number of andrological 
fertility disorders, which used to be described 
as idiopathic male infertility, will in fact have 
a genetic origin. By carrying out an extensive 
family history and karyotype analysis, a 
number of these disorders can be detected. 
This will not only yield a diagnosis, but will 
also allow for appropriate genetic counselling. 
The latter may be very important with the 
advent of ICSI, since the fertility disorder and 
the possibly corresponding genetic defect may 
be transferred to the offspring. 


Chromosomal abnormalities are more 
common in men with extreme OAT and 
azoospermia: the most common sex 
chromosome abnormality is Klinefelter 
syndrome (47,XXY), which affects around 
10% of men diagnosed with azoospermia. 
Klinefelter syndrome is characterized by 
disproportionally long legs, gynaecomastia 
and hypergonadotropic hypogonadism. Occa- 
sionally an eunuchoid phenotype is found, and 
at times psychological disorders. Both testicles 
are very small and present with tubular 
sclerosis. Around 60% of all patients will 
develop a low level of testosterone requiring 
androgen replacement with ageing. 


In men presenting with azoospermia or 
extremely poor quality semen, chromosome 
translocations and deletions can be found 
which may be hereditary and may cause 
habitual abortion and congenital 
malformations in the offspring. 


It is recommended that all men 
presenting with less than 1 million 
spermatozoa per milliliter, candidates for 
ICSI, should have at least a karyotyping 
performed. 


Furthermore, in cases of azoospermia or 
severe OAT, deletions in the Y chromosome 
of RNS-binding proteins (DAZ, RBM and 
SPGY) occur and testing is advised. The 
prevalence of Y deletions is considerable 
(around 5%) in this group of patients. 
Identifying Y chromosome microdeletions 


AZOOSPERMIA 


Physical examination 


means that the defect will be passed on to 
sons who will then also be infertile. 


When performing ICSI with surgically 
retrieved sperm based on the diagnosis of a 
congenital bilateral absence of the vas 
deferens (CBAVD), both the male and the 
female partners should be checked for 
mutations in the cystic fibrosis 
transmembrane conductance regulator 
(CFTR) gene. Apart from causing cystic 
fibrosis, this gene is also associated with 
CBAVD; 85% of all males diagnosed with 
CBAVD also test positive for 1 or 2 CFTR 
gene mutations. In case the partner is a carrier 
of a CFTR mutation, depending on the 
mutation involved, there is a 25% chance of a 
child with CF or CBAVD. Genetic counselling 
is recommended in these cases. 


ee ee 


OBSTRUCTIVE AZOOSPERMIA 
Normal physical examination 


Normal FSH 


Epididymal/vasal obstruction 
Normal seminal volume 
Normal pH Normal pH 


Testicular biopsy 


Or sperm aspiration/ICSI 


Normal Abnormal 


| 


TESE/ICSI 


Scrotal exploration 


Elevated FSH 


Treatment options: 


Low seminal volume 


Consider TURED * 


NONOBSTRUCTIVE AZOOSPERMIA 


Testicular volume < 15 ml/testis 


Low, FSH 
a hypogonadism 


Treatment with FSH/hcG 


- Consider testicular sperm extraction for ICSI 


Ejaculatory duct obstruction CBAVD 


Low seminal volume 


pH<7.0 


Genetic screening (CFTR) 
MESA(PESA)/ICS! 


Fig. 50.1: Diagnostic work-up of azoospermia. Microsurgical repair (vaso-vasotomy or vaso- 
epididymostomy), combined with MESA and cryopreservation of the spermatozoa, to be used for 
ICSI in case of surgical failure. * TURED = trans-urethral resection of the ejaculatory ducts. 
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Ultrasonography 


When trying to locate intrascrotal defects, 
ultrasonography is a useful tool. In case of 
epididymal obstruction, dilatation and cystic 
lesions of the epididymis and rete testis can be 
found. The vas deferens can be identified 
easily with ultrasound. 


Colour Doppler ultrasound of the 
scrotum can detect a varicocele in around 
30% of infertile males. Testicular tumours can 
be found in 0.5 % of infertile men and 
testicular micro-calcifications, a potentially 
premalignant condition, is detected in around 
5% of infertile males, especially in patients 
diagnosed with a history of cryptorchidism. 


A transrectal ultrasonography (TRUS) 
is indicated in men with a low ejaculate 
volume (< 1.5 ml) and a history of MAGI to 
exclude obstruction of the ejaculatory ducts, 
caused by a midline prostatic cyst or a 
stenosis of the ejaculatory ducts which can 
occur after prostatitis. Ejaculatory duct 
obstruction is characterized by azoospermia 
or severe oligozoospermia with a low 
seminal volume and decreased levels of 
seminal fructose. 
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Testicular Biopsy 


Indications for performing a testis biopsy 
are azoospermia in the presence of a normal 
volume of the testes and normal FSH levels. 
The biopsy is aimed at differentiating 
between testicular insufficiency and obstruc- 
tion of the male genital tract. Pathological 
classifications are: 


e The absence of seminiferous tubules (tubular 
sclerosis) 


e The presence of Sertoli cells only (Sertoli- 
cell-only syndrome) 


e Maturation arrest: incomplete spermatogenesis, 
not beyond the spermatocyte stage 


e Hypospermatogenesis: all cell types up to 
spermatozoa are present but there is a distinct 
decline in the number of reproducing 
spermatogonia 


Carcinoma in situ of the testis can be 
found, especially in men with bilateral micro- 
calcifications in the testes and in men with a 
history of testicular tumour. 


If testicular biopsy is performed, in any 
case, cryopreservation of testicular tissue is 
highly recommended to store germ cells for later 
intracytoplasmic sperm injections (Fig. 50.1). 


Section 9: Diagnosis of male infertility 


Chapter 51: Introduction to diagnosis of male 


infer tility 


Definition and prognostic factors 


According to the WHO definition, 
infertility is present if a sexually active couple 
is unable to conceive within one year (WHO, 
1995), About 15% of couples do not achieve 
pregnancy within one year: of these couples 
almost 50% will conceive spontaneously in 
the second year. Eventually, less than 5% will 
remain unwillingly childless. 


The main factors 
prognosis in infertility are: 


influencing the 


- Duration of infertility. 

- Primary or secondary infertility. 

- Results of semen analysis. 

- Age and fertility status of the female partner 


At present, in many countries, women 
postpone their first pregnancy until they have 
finished their education and have started a 
professional career. However, the fertility of a 
woman aged 35 years is only 50% of the 
fertility potential of a woman aged 25 years. 
By the age of 38, this has reduced to only 
25%, and over the age of 40 it is less than 5%. 
Female age is the most important single 
variable influencing outcome in assisted 
reproduction. 


Diagnosis 


The diagnosis of male fertility must focus 
on a number of prevalent disorders (Table 
51.1). Simultaneous assessment of the female 
partner is preferable, even if abnormalities are 
found in the male, because WHO data show 
that in one out of four couples who consult a 
physician with fertility problems, both male 
and female partners have abnormalities. 


Reduced male fertility can be the result 
of congenital and acquired urogenital 
abnormalities, infections of the genital tract, 
increased scrotal temperature (varicocele), 
endocrine disturbances, genetic abnormalities, 
and immunological factors. No causal factor 
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is found in 30% to 40% of cases (idiopathic 
male infertility). These men present with no 
previous history associated with fertility 


problems and have normal findings on 
physical examination and endocrine 
laboratory testing. Semen analysis often 


reveals a decreased number of spermatozoa 
(oligo-zoospermia), decreased motility 
(astheno-zoospermia), and many abnormal 
forms (teratozoospermia) on morphological 
examination. These abnormalities usually 
occur together and are described as the 
oligoasthenoteratozoospermia (OAT) syndrome. 


Unexplained forms of male infertility 
may be caused by several factors, such as 
chronic stress, endocrine disruption due to 
environmental pollution, reactive oxygen 
species, and genetic abnormalities. 


Physical examination 


Physical examination should focus on 
signs of hypogonadism (gynecomastia, 
increased body fat, abnormal hair distribution, 
small testes), congenital abnormalities of the 
reproductive tract (absence of the vas 
deferens, epididymis tail or the testes, 
prostatic cysts, absence or hypoplasia of the 
seminal vesicles, hypospadia and epispadia), 
and acquired abnormalities (epididymal 
congestion, varicocele, signs of male 
accessory gland infection) (Table 51.2). 


A varicocele can be found in up to 25% 
of sub-fertile men. The diagnosis should be 
made with the patient in a standing position in 
a warm examination room, with and without 
Valsalva maneuver. The following 
classification of varicocele useful in 
clinical practice: 


is 


e Subclinical: Not palpable or visible at rest or 
during Valsalva maneuver, but demonstrable 
by special tests (reflux found upon Doppler 
examination or during scrotal ultrasound) 


e Grade 1: Palpable during Valsalva maneuver 
but not otherwise 


Table 51.1: Male infertility-associated factors and percentage of distribution. 


Infertility-associated factor (male) 


Percentage of patients affected 


Idiopathic male infertility 

Mal-descended testes 

Urogenital infection 

Disturbances of semen deposition and sexual factors 
General and systemic disease 

Varicocele 

Hypogonadism 

Immunological factors 

Obstructions 


Other abnormalities 


31 
7.8 
8.0 
5.9 
3.1 
15.6 
8.9 
4.5 
1.7 
5.5 


Table 51.2: Typical findings from the physical examination that may be present in a male patient with 


reduced fertility. 


General 

e Obesity (body mass index, waist circumference) 
e Signs of hyper-masculinity (anabolic steroids) 

e Abnormality or absence of hair distribution 

e Gynecomastia (Tanner stage) 

e Stature (normal, eunuchoid, under-virilization) 
e Signs of pulmonary disease 


Penis/urethra 


e Penile and urethral abnormalities (meatal stenosis, hypospadia, epispadia, urethra! fibrosis/stricture) 


Scrotum 

e Absence or atrophy of the testes 

e Cryptorchidism 

e Abnormal testicular volume and/or consistency 
e Varicocele 


Rectal examination (if indicated) 


e Swelling and/or pain of the prostate and the seminal vesicles (prostatitis/vesiculitis) 


e Urethral discharge after rectal examination (MAGI) 


e Grade 2: Palpable at rest, but not visible 
e Grade 3: Visible and palpable at rest 


Men with obstructive azoospermia 
normally present with normal size testes and 
normal FSH. On examination, enlargement of 
the epididymis may be found. Sometimes, the 
vas deferens appears absent due to congenital 
factors or previous inguinal or scrotal surgery 


(Table 51.3). Although obstructions in primary 
infertile men are often present at the 
epididymal level, other sites of obstruction are 
the ejaculatory ducts and the distal vas 
deferens, which are not palpable on physical 
examination. In 25% of men with obstruction, 
no spermatozoa are found in the epididymis 
during scrotal exploration, indicating an 
intratesticular obstruction. 


Table 51.3: The following findings are indicative of obstructive azoospermia. 


e At least one testis is > 15 mL in volume (although a smaller testicular volume may be found in some patients 
with obstructive azoospermia and concomitant partial testicular failure) 


¢ Enlarged and hardened epididymis 

e Nodules in the epididymis or vas deferens 
e Absence or partial atresia of the vas 

e Signs of male accessory gland infection 


e Prostatic abnormalities 
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Semen analysis 


Further examination is indicated if semen 
analysis shows abnormalities. Because semen 
analysis still forms the basis of important 
decisions concerning appropriate treatment, 
standardization of the complete laboratory 
workup is highly desirable. Ejaculate analysis 
has been standardized by the WHO and 
propagated by continuing work and 
publications in the WHO Laboratory Manual 
for Human Semen and Sperm-Cervical Mucus 
Interaction (Sth edition). 


If values are normal according to WHO 
criteria, one test should suffice. Only if the 
results are abnormal, semen analysis should be 
repeated once more. It is important to 
distinguish between oligozoospermia (<20 
million spermatozoa/mL), asthenozoospermia 
(<50% motile spermatozoa), and 
teratozoospermia (<14% normal forms). These 
three pathologies often occur simultaneously 
(OAT syndrome). In extreme cases of the 
OAT syndrome (< I million spermatozoa/mL), 
just as with azoospermia, there is an increased 
incidence of obstruction of the male genital 
tract and genetic abnormalities. 


Hor monal investigation 


Endocrine malfunctions are more 
prevalent in infertile men than in the general 
population, but are still quite uncommon. 
Hormonal screening can be limited to 
determining FSH, luteinizing hormone (LH), 
and testosterone levels. In men diagnosed with 
azoospermia, it is important to distinguish 
between obstructive and non-obstructive 
causes. A criterion with reasonable predictive 
value for obstruction is a normal FSH with 
bilaterally a normal testicular volume. 
However, 29% of men with a normal FSH 
appear to have defective spermatogenesis. 


Microbiological assessment 


Indications for microbiological 
assessment include abnormal urine samples, 
urinary tract infections, male accessory gland 
infections (MAGI), and sexually transmitted 
diseases (STDs). The clinical implications of 
white blood cells detected in a semen sample 
are as yet undetermined. However, in 
combination with a small ejaculate volume, 
this may point to an obstruction (partial) of the 
ejaculatory ducts caused by an infection 
(chronic) of the prostate or seminal vesicles. 
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Genital infections, especially epididymitis, 
may lead to the production of spermatotoxic 
free oxygen radicals that can impair semen 
parameters. Gonorrhea and Chlamydia 
trachomatis can also cause obstruction of the 
genital tract. 


Genetic evaluation 


A substantial number of male fertility 
disorders that used to be described as 
idiopathic male infertility will, in fact, have a 
genetic origin. By taking an extensive family 
history and carrying out a genetic analysis, a 
number of these disorders can be detected. 
This will not only yield a diagnosis, but also 
allow for appropriate genetic counseling. The 
latter may be very important with the advent 
of ICSI, because the fertility disorder and 
possibly the corresponding genetic defect may 
be transferred to the offspring. 


Chromosomal abnormalities are more 
common in men with extreme OAT and with 
azoospermia. The most common sex 
chromosome abnormality is Klinefelter's 
syndrome (47,XXY) that affects around 10% 
of men diagnosed with azoospermia. 
Klinefelter's syndrome is characterized by 
gynecomastia and hypergonadotropic 
hypogonadism. Occasionally, an eunuchoid 
phenotype is found and sometimes 
psychological disorders. Both testicles are 
very small and they present with tubular 
sclerosis. In around 60% of all patients, 
testosterone levels decrease with age requiring 
androgen replacement. 


In men presenting with extremely poor 
quality semen, chromosome translocations and 
deletions can be found, which may be 
hereditary and which may cause habitual 
abortion and congenital malformations in the 
offspring. In cases of azoospermia or severe 
OAT, deletions in the azoospermic factor 
(AZF) region of the Y chromosome can occur 
and testing is advised. 


In men with congenital bilateral absence 
of the vas deferens (CBAVD) mutations of the 
cystic fibrosis transmembrane regulator 
(CFTR) gene can be found. Apart from 
causing cystic fibrosis (CF), this gene is also 
associated with CBAVD; 85% of all males 
diagnosed with CBAVD also test positive for 
one or two CFTR gene mutations. In cases 
where the partner is a carrier of a CFTR 


mutation, depending on the mutation involved, 
there is a 25% chance of having a child with 
CF or CBAVD. Genetic counseling is 
recommended in these cases. 


Ultrasonography 


Scrotal ultrasound can be helpful in 
finding signs of obstruction and of testicular 
dysgenesis, such as an inhomogeneous 
parenchyma and micro-calcifications. Color 
Doppler flow studies can assist in detecting 
varicoceles and signs of inflammation. 


Ultrasound of the scrotum is best 
performed with a linear high-resolution, high- 
frequency small parts transducer of 7.5-13 
MHz. Most abnormalities can be visualized 
with grayscale imaging, but adding color 
Doppler can be very helpful in case of 
inflammations and to detect a varicocele. A 
normal testis has a homogeneous parenchyma 
with a hyper-echoic thin capsule, the tunica 
albuginea. The adult testis measures 35 to 50 
mm in length (L), 25 to 35 mm in width (W), 
and 15 to 25mm in height (H). The volume 
(V) of the testis is calculated by the formula V 
= L x W x H x 0.52. The epididymis can be 
visualized at the upper and posterior side of 
the testis. The caput epididymis has a 
maximum size of 10 to 12 mm and may show 
small cysts in 70% of cases. The body and the 


tail of the epididymis measure 5 to 7 mm and 
usually have a homogeneous aspect. 


Frequent scrotal 
abnormalities found in 
highlighted in table 51.4. 


ultrasonography 
infertile men are 


Testicular tumors can be found in 0.5% to 
1% of infertile males, and testicular micro- 
calcifications are detected in around 5% of 
infertile males. Micro-calcifications are 
defined as at least 20 calcifications per testis 
and are more often found in men with an 
inhomogeneous parenchyma, characteristic of 
testicular dysgenesis. Carcinoma in situ (CIS) 
is found in 20% of such testis, especially if the 
micro-calcifications are found bilaterally. CIS 
is found preferentially in men with a history of 
infertility, cryptorchidism, testicular tumor, 
and in atrophic testis. 


Colour Doppler ultrasound of the scrotum 
can detect a varicocele in around 20% to 30% 
of infertile males. This part of the 
investigation should also be performed in a 
standing position. Accepted ultrasound criteria 
for the diagnosis of a varicocele is a venous 
diameter >3 mm with or without Valsalva 
maneuver, an increase of venous diameter 
during Valsalva maneuver, and venous blood 
flow reversal (reflux) for >2 seconds. 


Table 51.4: Frequent scrotal ultrasonography abnormalities found in infertile men. 


Abnormalities of the testis 
Small size 

Inhomogeneous parenchyma (dysgenesis) 
Testicular cysts 
Micro-calcifications (5%) 
Dilatation of the rete testis 
Intratesticular varicocele 
Inflammation (orchitis) 
Tumors (0.5-1%) 

Hypo-echoic lesions 
Abnormalities of the epididymis 
Dilatation 

Epididymal cysts/spermatoceles 
Inflammation (epididymitis) 
Other abnormalities 

Varicocele 


Absence of the vas deferens 
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On the basis of the amount of reflux 
present, varicoceles can be graded as follows: 


- Grade 1, slight reflux (<2 seconds) during 
Valsalva 


Grade II, reflux (>2 seconds) during 
Valsalva, but no continuous reflux during the 
maneuver 


- Grade III, reflux at rest during normal 
respiration or continuously during the entire 
Valsalva maneuver 


Transrectal ultrasound (TRUS) of the 
prostate and the seminal vesicles is indicated 
in patients with a low seminal volume and in 
men with a history of male accessory gland 
infection. TRUS should be performed at high 
resolution and with high-frequency (7 MHz) 
biplane transducers. Seminal vesicle 
enlargement (anterior-posterior diameter 15 
mm) and roundish anechoic areas in the 
seminal vesicle are TRUS anomalies more 
often associated with ejaculatory duct 
obstruction, especially when semen volume is 
< 1.5 cm’. Other known anomalies in cases of 
obstructive azoospermia are Miillerian duct 
cysts or urogenital sinus/ejaculatory duct cysts 
and ejaculatory duct calcifications. TRUS may 
also be applied to aspirate seminal vesicle 
fluid in case of ejaculatory duct obstruction. 


Testicular biopsy 


A diagnostic testicular biopsy is indicated 
in patients without evident factors (normal 
FSH and normal testicular volume) to 
differentiate between obstructive and 
nonobstructive azoospermia (NOA). It is 
recommended to cryopreserve sperm if present 
in the biopsy for future ICSI. 


Testicular biopsy is usually performed as 
part of a therapeutic process in patients with 


clinical evidence of NOA who decide to 
undergo ICSI. About 50% to 60% of men with 
NOA have some seminiferous tubules with 
spermatozoa that can be cryopreserved and 
used for ICSI. Many authors find a good 
correlation between diagnostic biopsy 
histology and the likelihood of finding mature 
spermatozoa during testicular sperm extraction 
(TESE). Finally, a testicular biopsy is 
indicated for the diagnosis of CIS. 


The four main pathological classifications 
are (Fig. 51.1 — 51.4): 


- Absence of seminiferous tubules (tubular 
sclerosis) 


- Presence of Sertoli cells only (Sertoli cell- 
only syndrome) 


Maturation arrest incomplete 
spermatogenesis, not beyond the spermatocyte 
stage. 


- Hypospermatogenesis-all cell types up to 
spermatozoa are present, but there is a distinct 
decline in the number of reproducing 
spermatogonia. 


A more quantitative histological grading 
is the Johnsen scoring system; in at least 100 
seminiferous tubules the level of sperm 
maturation is determined. The total Johnsen 
score is determined by dividing the total score 
by the number of tubules (Table 51.5). 


Testicular biopsy is important in the 
evaluation of men at risk of CIS or testicular 
cancer, such as those with idiopathic 
infertility, prior cryptorchidism, a history of 
testicular neoplasia, and in case of features on 
ultrasound suggestive for CIS, like an 
identified lesion or micro-calcifications. 


Table 51.5: Scoring system for testicular biopsies (Johnsen score 


Score Histological criteria 
10 Full spermatogenesis 
9 Slightly impaired spermatogenesis, many late spermatids, disorganized epithelium 
8 Less than five spermatozoa per tubule, few late spermatids 
7 No spermatozoa, no late spermatids, many early spermatids 
6 No spermatozoa, no late spermatids, few early spermatids 
5 No spermatozoa or spermatids, many spermatocytes 
4 No spermatozoa or spermatids, few spermatocytes 
3 Spermatogonia only 
2 No germinal cells, Sertoli cells only 
1 No seminiferous epithelium 
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Maturation arrest. 


Sertoli cell only syndrome. Fig. 51.2: 


Fig. 51.1: 


Normal spermatogenesis. 


. 51.4: 


Fig 


Hypospermatogenesis 


3 


Fig. 51 
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Section 9: Diagnosis of male infertility 


Chapter 52: Office evaluation of the subfertile male 


Introduction 


Pregnancy rates by intercourse in normal 
couples are approximately 20-25% per month, 
75% by six months, and 90% by one year. 
After one year of unprotected intercourse 
approximately 15% of couples of unknown 
fertility status are unable to conceive. In 
approximately 30% of these couples, 
infertility is due to a significant male factor 
alone, whereas combined male and female 
factors are present in an additional 20%. Thus, 
a male factor is involved in approximately 
50% of infertile relationships. It is important 
to realize that 25-35% of infertile couples 
without treatment will conceive by intercourse 
at some point in time. Conception rates of 
23% are reported within the first two years, 
and an additional 10% will conceive within 
two more years Overall, in non-azoospermic 
infertile couples a pregnancy rate of 1-3% per 
month can be expected. While infertility is 
generally not considered to exist until after 12 
months of attempted conception, couples often 
seek help prior to that period of time because 
they may have delayed attempts at parenthood 
until after career development. If conception 
does not occur in a timely manner, such 
couples face a race against the woman's 
biologic clock. For these reasons, a basic, 
simple, and cost-effective evaluation need not 
be postponed. 


The workup of the infertile male should 
proceed, as would the workup of any patient 
with a medical problem: with a thorough 
history and physics! examination followed by 
an initial series of laboratory tests. The results 
of the history, physical examination, and 
laboratory tests are used to develop a 
differential diagnosis, which may require 
additional, more specific testing. Although 
many tests are available to evaluate different 
aspects of male infertility, not all patients need 
all tests. 


The primary goals of the evaluation of the 
male presenting with infertility are to identify: 
(1) etiologic conditions that may be reversed 
with resultant improvement in the male's 
fertility status; (2) irreversible conditions that 
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may be best managed by the use of the 
assisted reproductive techniques, such as 
intrauterine insemination (IUI) or in vitro 
fertilization (IVF), using the male partner's 
sperm; (3) irreversible conditions not 
amenable to assisted reproductive techniques, 
such that donor insemination or adoption is 
more advisable; (4) medically significant 
pathologies underlying the male’s infertility; 
and (5) genetic etiologies that may have 
implications far the patient and/or his 
offspring. 

When specific etiologies are identified, 
treatment may be directed towards the 
underlying pathology. Unfortunately, in many 
cases, the underlying cause for the abnormal 
semen analysis remains unknown. In these 
instances, both empirical therapies and 
techniques such as IUI, IVF, and intra- 
cytoplasmic sperm injection (ICSI) are often 
utilized. The physician should be familiar with 
the indications and limitations of each of these 
techniques, to better counsel the patient about 
appropriate management options. 


History 


A careful history should be obtained, 
including a detailed reproductive history and 
medical and surgical history, as well as a 
review of lifestyle factors and potential 
gonadal toxic exposure (Table 52.1). 


Reproductive history 


Annotation should be made of prior 
conceptions for the male or the female with 
present or past partners, details of any prior 
difficulty achieving conception, as well as past 
evaluations and treatments for infertility and 
past use of contraception. The frequency and 
timing of intercourse should be recorded. 
Often neither partner understands the 
menstrual cycle and the fact that it is during 
the middle of the menstrual cycle that the 
female is fertile. In addition, it should be 
stressed that intercourse does not have to 
occur exactly at the time of ovulation since 
sperm remain viable within the cervical 
mucus and crypts for 48 hours or longer. 


Table 52.1: History of the infertile male. 


History of infertility 

Duration 

Prior pregnancies 

Present partner 

Another partner 

Previous treatments 

Evaluation and treatment of partner 
Sexual history 

Potency 

Lubricants 

Timing of intercourse 

Frequency of intercourse 
Frequency of masturbation 
Childhood and development 
Cryptorchidism, orchiopexy 
Herniorrhaphy 

Y-V plasty of bladder neck 
Testicular torsion 

Onset of puberty 

Medical history 

Systemic illness (e.g., diabetes mellitus. multiple sclerosis) 
Previous/current therapy 

Surgical history 

Orchiectomy (testicular cancer, torsion) 
Retroperitoneal surgery 

Pelvic injury 

Pelvic, inguinal, or scrotal surgery 
Herniorrhaphy 

Y-V plasty, transurethral prostate 
Infections 

Viral febrile 

Mumps orchitis 

Venereal 

Tuberculosis 

Gonadotoxins 

Chemicals (pesticides) 


Drugs (chemotherapeutic, cimetidine, sulfasalazine, nitrofurantoin, alcohol marijuana, androgenic steroids, 
cocaine) 


Thermal exposure (hot tubs, saunas) 
Radiation 

Smoking 

Family history 

Cystic fibrosis 

Androgen receptor deficiency 
Review of system 

Respiratory infections 
Anosmia 

Galactorrhea 

Impaired visual fields 
Headaches 
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Studies of fertile couples have 
demonstrated that conception may occur with 
intercourse taking place within the five days 
prior to ovulation but will not occur if 
intercourse is performed only on the day 
following ovulation. Most couples should be 
advised to have intercourse every two days 
near the time of ovulation. This will ensure 
that viable sperm are present within the female 
reproductive tract during the 12-24-hour 
period in which the ovum is viable and in the 
fallopian tube, and therefore capable of being 
fertilized. If intercourse occurs too frequently, 
inadequate numbers of sperm may be 
deposited within the vagina. The male should 
be questioned about his erectile and 
ejaculatory function, as well as frequency of 
masturbation. Commonly used lubricants such 
as K-Y Jelly, Keri Lotion, and saliva have 
been demonstrated to adversely affect sperm 
motility in vitro. Lubricants that do not appear 
to affect motility include raw egg white 
vegetable oil, safflower oil, peanut oil, and, 
recently, several commercial lubricants. While 
these studies were done in vitro, it is still wise 
to recommend that couples use a lubricant 
only if needed, and use only a minimal amount 
of one. 


Childhood illnesses and conditions 


The history of specific childhood illnesses 


or conditions may be important in the 
evaluation of the infertile male. Bilateral 
cryptorchidism results in a significance 


decrease in spermatogenesis, while the effect 
of unilateral cryptorchidism appears to be 
much milder. Studies of formerly cryptorchid 
patients who have undergone orchidopexies 
have reported decreased sperm densities in 
approximately 30% of men with unilateral 
cryptorchidism. In contrast, approximately 
50% of bilaterally cryptorchid patients have 
been reported to have decreased sperm 
densities. Interestingly, the majority of 
unilaterally cryptorchid men are able to 
initiate a pregnancy without difficulty. 
Fertility rates in couples in whom the male has 
unilateral cryptorchidism average 85%, which 
is only slightly lower than and possibly not 
Statistically significantly different from 
pregnancy rates in controls. In contrast, 
fertility rates in couples in whom the male had 
bilateral cryptorchidism are only 50-65%. On 
the other hand, testes that remain 
undescended in the postpubertal age group 
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do not function, and fertility rates are not 
improved by post-pubertal repair. 


Testicular trauma or history of torsion of 
the testis should be noted, since both may 
result in atrophic testes. Approximately 30- 
40% of men with a history of testicular 
torsion will have abnormal results on semen 
analyses. Antisperm antibodies are present in 
0-11% of patients either at the time or after the 
event of testicular torsion. Interestingly, 
testicular biopsies of the contralateral testis at 
the time of torsion have demonstrated a high 
frequency of impaired spermatogenesis and 
histological abnormalities. Thus it appears that 
testes susceptible to torsion may have pre- 
existing spermatogenic defects. 


The timing of pubertal development 
should be noted. Significantly delayed or 
incomplete development may suggest an 
endocrinopathy. Mumps does not appear to 
affect the testis when experienced pre- 
pubertally. However, after the age of 11 or 12 
unilateral mumps orchitis occurs in 30% of 
patients who contract mumps post-pubertally. 
The orchitis is bilateral in approximately 10% 
of patients. While this infection has been 
uncommon since the advent of mumps 
vaccine, it is still problematic in developing 
countries. Importantly, the testicular damage 
may be quite severe, resulting in marked 
fibrosis and atrophy of the testis. 


Systemic diseases and illnesses 


Both diabetes and multiple sclerosis 
may affect erectile as well as ejaculatory 
function. Myotonic dystrophy is associated 
with the development of testicular atrophy. 
Any generalized illness resulting in fever or 
viremia may cause impaired testicular 
function, the effects of which may not appear 
in the ejaculate for 1-4 months. The actual 
time lapse between the injurious event and 
the appearance of abnormal cells in the 
ejaculate varies, depending on what stage of 
the spermatogenic process is affected. For 
this reason, if a patient gives a history of 
acute medical problems in the three months 
before his first office visit, and if laboratory 
analysis shows subnormal semen quality, 
analyses should be repeated several months 
later before a decision is made regarding the 
quality of sperm production. A history of 
pyospermia or prostatitis should be noted, 
although these are uncommon and unproven 


causes of infertility. The history of chronic 
upper respiratory infections associated with 
severe motility defects raises the possibility 
of primary ciliary dyskinesia (also known as 
immotile cilia syndrome). When this 
condition is associated with situs inversus, it 
is known as Kartagener syndrome. The 
association of frequent respiratory infections 
with azoospermia raises the possibility of 
Young syndrome. In this condition, 
epididymal obstruction is due to inspissation 
of secretions. Any history of urinary tract 
infections or sexually transmitted diseases 
should be recorded, particularly if associated 
with epididymitis. Epididymal infections 


may result in the obstruction of the 
epididymis. 
Past surgical history 

Details of past surgeries should be 


obtained. Bladder neck surgery as well as 
prostate surgery may result in retrograde 
ejaculation, and patients will present with 
absent or low-volume ejaculates and the 
presence of large numbers of sperm in the 


post-ejaculate urine. Pelvic and 
retroperitoneal surgery may also affect 
ejaculatory function. Modifications of 
retroperitoneal lymph node dissection 


techniques utilizing a nerve-sparing approach 
preserve the sympathetic nerves and allow 
retention of the ejaculatory function in most 
patients. Patients with ejaculatory 
dysfunction after retroperitoneal surgery may 
sometimes be effectively treated 
pharmacologically with sympathomimetic 
drugs, retrieval of sperm from a post- 
ejaculatory alkalinized urine combined with 
intra uterine insemination, electro- 
ejaculation, or surgical sperm retrieval 
combined with ICSI. The vas deferens may 
be injured during a herniorrhaphy itself or as 
a consequence of _ scarring from 
polypropylene mesh used during the repair. 


Cancer and cancer treatments 


Patients with testicular cancer may 
present with infertility either before or after 
treatment of their cancer. Approximately 50% 
of testicular cancer patients have subnormal 
sperm densities prior to chemotherapy. Of 
note, of those with oligo-or azoospermia, 75% 
normalized during surveillance. Following 
cisplatinum-based chemotherapy for testicular 
cancer, most patients will become 
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azoospermic. However, most will recover 
sperm production within four years. Radiation 
therapy given to patients with testicular 
seminoma results in impaired spermatogenesis 
4-6 months after the completion of radiation. 
This may occur even with gonadal shielding. 
Of those patients developing impaired sperm- 
atogenesis following retroperitoneal radiation 
therapy for seminoma, most will have a return 
to baseline semen quality within a two-year 
period. Three-fourths of those attempting 
conception will be successful within four 
years. Patients with leukemia, lymphoma, and 
a variety of solid neoplasms often have 
subnormal semen parameters. Most patients 
with Hodgkin's disease and leukemia become 
azoospermic after chemotherapy; however, 
some treatments may not result in permanent 
sterility. After bone marrow transplantation 
with a combination of chemotherapy and 
radiation therapy, permanent sterility usually 
results. 


Medication and drug use 


A detailed history of medications 
including prescribed, over-the-counter and 
illicit, should be obtained. Heavy marijuana 
use has been associated with gynecomastia, 
decreased serum testosterone levels, and a 
decrease in sperm concentration and 
pyospermia. Similarly, oligospermia and 
defects in morphology and motility have been 
reported in users of cocaine. Antihypertensive 
medications are commonly associated with 
erectile dysfunction, but most do not directly 
affect fertility. Spironolactone acts as an 
antiandrogen and has been associated with 
impaired semen quality. Calcium channel 
blockers have been reported to cause a 
reversible functional defect in sperm, 
impairing the ability of sperm to fertilize 
human eggs without affecting sperm 
production or standard semen analysis 
parameters. 


Exogenous androgens are well known to 
induce hypogonadotropic hypogonadism. This 
may be induced by testosterone directly or by 
synthetic anabolic steroids. The subsequent 
suppression of endogenous testosterone 
production usually results in azoospermia, 
which is frequently reversible over a 3-6 
month period of time. Of significance, some 
patients do not recover normal pituitary 
function. 


Alpha-blockers may cause decreased 
ejaculate volume or anejaculation. This 
appears not to be due to retrograde ejaculation 
and appears to be more common with 
tamsulosin than with other o-blockers. 


Very high doses of nitrofurantoin have 
been reported to cause early maturation arrest 
at the primary spermatocyte stage. However, 
short-term lower-dose therapy, as is 
commonly used clinically, is not likely to be 
detrimental While erythromycin, tetracycline, 
and gentamycin have been reported to have 
the potential to adversely affect fertility, 
documentation of an in-vivo effect in humans 
is lacking. Sulfasalazine is well known to 
cause defects in human sperm concentration 
and motility. These effects are reversible, and 
patients with concerns about fertility should be 
treated with 5-amino salicylic acid, which 
does not affect semen parameters. Cimetidine 
has been reported to have anti-androgenic 
effects inducing gynecomastia. While a 
decrease in sperm count was reported, no loss 
of fertility has been noted. 


Immune modulators are commonly used, 
but unfortunately most lack dear human data. 
Interferon has been used to treat mumps 
orchitis. However, there are no human data 
indicating an impairment of male fertility 
associated with this medication, Colchicine 
has been reported to induce oligospermia. 
However, this was reported after long-term 
use in patients with Behcet's disease. Short- 
term use in healthy males induced no effect in 
semen parameters. 


Chronic opioid use, may induce 
hypogonadotropic hypogonadism. This has 
commonly been noted to lead to sexual 
dysfunction. Effects on fertility have not been 
examined. Epilepsy has been associated with 
decreased testosterone levels and increased 
estrogen levels. In addition, medications used 
to treat epilepsy may worsen the hormonal 
abnormalities and have been associated with 
some sperm morphologic defects. 


Occupational and lifestyle exposures 


Exposure to potential environmental 
toxins should be carefully noted. This includes 
pesticide exposure as well as occupational 
chemical exposure. Exposure to lead, mercury, 
cadmium, arsenic, hydrocarbons, particular 
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amebicide and nematocide soil fumigants and 
2-bromopropane (a substitute for chloro- 
fluorocarbons) has been associated with 
decreased spermatogenesis. Serum levels of 
heavy metals should be obtained in patients 
thought to have had high exposure to these 
compounds. While testicular atrophy is 
commonly present in alcoholics, moderate 
alcohol consumption does not appear to impair 
male fertility. The effect of cigarette smoking 
on male fertility remains controversial. 
However, accumulating data suggest adverse 
effects. Studies finding decreases in semen 
parameters and no effect on semen parameters 
have been reported. Interestingly, a recent 
analysis reported an increase in the time to 
conception when the male partner of a couple 
smoked and the nonsmoking female partner 
was passively exposed to cigarette smoke. 
Similarly, poor results during in-vitro 
fertilization have been reported in smokers, 
and impaired fertility in offspring of male 
smokers has also been reported. 


Caffeine consumption, while often 
questioned, does not appear to affect male 
fertility. Exposure to excessive heat should be 
recorded. The use of frequent saunas and hot 
baths has been demonstrated to impair semen 


parameters. These habits should be 
discontinued if a patient undergoing 
evaluation has been found to have impaired 
semen parameters. Workers in certain 


occupations - such as welders; drivers of 
industrial machinery, taxis and trucks; bakers; 
ceramic oven operators; and workers in 
submarines have been found to have 
increased rates of infertility. While the use of 
tight underwear is commonly thought to 
impair spermatogenesis, a large study has not 
demonstrated this effect. 


Physical examination 


The physical examination of the infertile 
male should focus on identifying 
abnormalities that may affect fertility. This 
includes the pattern of virilization, as well as 
the patient’s secondary sexual characteristics. 
Abnormalities of androgenization suggest the 
possibility of an endocrine disorder. Excessive 
estrogens or an imbalance in the estrogen-to- 
androgen ratio may result in gynecomastia. 
Kartagener syndrome is associated with 
immotile cilia and immotile sperm combined 
with situs inversus. Penile curvature or 


angulation should assessed, as should the 
location of the urethra meatus. Anatomical 
abnormalities of the penis can result in 
improper placement of the ejaculate within the 
vaginal vault. 


The scrotal contents should be carefully 
palpated with the patient standing in a warm 
room. Testicular consistency should be noted 
as well as testicular size. It has been shown 
that a decrease in testicular size is often 
associated with impaired spermatogenesis. 
This is not surprising, since 85% of the testis 
is involved in sperm production; consequently, 
when the germinal epithelium atrophies, loss 
of testicular mass occurs. Testicular volume 
may be measured with an orchidometer, or the 
length and width measured with calipers. In 
the normal male, the volume should be at 
least 20 mL and the greatest length of the 
testis at least 4cm. 


Examination of the epididymis should be 
carefully performed, taking note of the 
presence of the caput, corpus, and cauda as 
well as whether or not the epididymis feels 
indurated or full. Obstruction of the genital 
ductal system may be suggested by a fullness 
of the epididymis. While spermatoceles and 
epididymal cysts are commonly palpated, they 
usually do not indicate obstruction. Palpation 
of the spermatic cords should be performed 
with careful notation of the presence or 
absence of the vas deferens as well as any 
areas of vasal atrophy or nodularity. 


The patient should be examined in a 
standing position for the presence of a 
varicocele within the spermatic cord and 
surrounding the testicle. An increase in the 
venous diameter may be noted with the patient 
performing the Valsalva maneuver. 
Alternatively, the patient may distend his 


abdomen, which often increases intra- 
abdominal pressure without resulting in 
contraction of the cremasteric muscles. 


Varicoceles may be graded as small (grade 1) 
if only palpable with the patient performing 
the Valsalva maneuver, moderate (grade 2) 
when palpable with the patient in the standing 
position without performing the Valsalva 
maneuver, or large (grade 3) when the veins 
are visible through the scrotal skin. 
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Varicoceles should decrease in size when the 
patient is in the supine position. Subclinical 
varicoceles are those varicoceles identifiable 
only with an ancillary technique and not 
palpable or suspected on physical exam. 


Occasionally, because of anatomic 
abnormalities such as a small scrotum with 
high testes or very thick spermatic cords, the 
physical exam is indeterminate. In those cases, 
techniques such as ultrasonography may be 
employed. While a rectal examination is often 
recommended, the majority of abnormalities 
that are detectable on transrectal ultra- 
sonography will not be noted on digital rectal 
examination. 


Initial laboratory testing 


Following completion of the history and 
physical examination, appropriate laboratory 
testing of the male should be performed. The 
cornerstone of the evaluation remains the 
completion of at least 2-3 semen analyses. 
Nevertheless, the semen analysis is not a 
direct measure of fertility. 


In general, it is not possible on the basis 
of the semen analysis to separate infertile from 
fertile patients, since the majority of infertile 
men have some motile sperm in the semen. 
More correctly, patients may be placed in a 
sub-fertile category. In contrast, azoospermic 
patients are sterile. It has also become clear 
that equal numbers of motile sperm from 
different patients do not have the same 
fertilizing capability. Thus, men treated for 
hypogonadotropic hypogonadism are often 
fertile with sperm concentrations under 5 
million sperm/mL, whereas data from IVF 
centers indicate that even the motile sperm 
from oligoasthenoteratozoospermic patients do 
not fertilize as well as equal numbers of motile 
sperm from normospermic patients. While 
there are no universally agreed-upon reference 
ranges for semen analyses, the World Health 
Organization reference values have been 
utilized increasingly (Table 52.2). While there 
are many additional tests of fertility, only the 
semen analysis is required in all patients 
undergoing a male fertility evaluation. The 
remaining tests should be utilized to narrow 
the differential diagnosis following the results 
of a history, physical examination, and semen 
analyses. 


Table 52.2: Common reference range for semen parameters. 


Parameter Reference range 
Volume > 2.0mL 
pH >7.2 


Sperm concentration 
Total sperm count per ejaculate 
Motility 


> 20 million sperm/mL 
> 40 Million sperm 
> 50% with grade A + B motility or 


> 25% with grade A motility 


Morphology 
Viability 
WEC (white blood cells) 


> 15% by strict criteria 
> 75% of sperm viable 
< 1 million/mL 


Semen analysis 
Collection 


It is important to provide patients with 
specific criteria, for the collection of semen 
specimens. In general, a minimum of two 
semen analyses should be obtained from all 
patients. Consistency in the duration of sexual 
abstinence before collection of the specimen 
should be maintained., to allow accurate 
comparisons between the samples from the 
same patient. Sperm concentration has been 
found to increase 25% per day of abstinence 
for the first four days, while increases in the 
seminal volume, and therefore total sperm 
count, were also increased with increased days 
of abstinence; motility and morphology 
remained unchanged. 


When the initial semen samples have 
widely different parameters, additional 
samples should be obtained. The specimen 
container should be clean, although not 
necessarily sterile, and wide-mouthed to 
minimize collection error. Collection of the 
semen may be by masturbation, coitus 
interruptus, or with special seminal collection 
condoms devoid of spermicidal agents. 
Ordinary latex condoms may interfere with the 
viability of spermatozoa and may contain 
spermicides, and therefore should not be used. 
Although coitus interruptus may be employed, 
it is not an ideal technique as the initial portion 
of the ejaculate may be lost. In addition, acidic 
vaginal secretions and bacteria may 
contaminate the specimen. The specimen 
should be transported to the laboratory at room 
or body temperature. This is easily 
accomplished by having the patient place the 
container in a pocket next to his body. The 
laboratory should specify how long from the 
time of ejaculation the specimen should be 
brought to the laboratory; in most laboratories 
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this is stated to be 1-2 hours. A specimen 
container should be labeled with the patient's 
name, date, and time of collection, as well as 
the abstinence period. 


Physical characteristics 


Freshly produced semen is a coagulum 
that liquefies 5-25 minutes after ejaculation. 
The seminal constituents responsible for 
coagulation originate in the seminal vesicles; 
the proteolytic enzymes that initiate 
liquefaction are found in the prostate. Patients 
with congenital bilateral absence of the vas 
deferens usually have absent or hypoplastic 
seminal vesicles. Thus, semen from these 
patients has a low volume, is acidic, and does 
not coagulate. 


Abnormal viscosity is commonly 
reported, and it is important to be able to 
differentiate semen with failure of liquefaction 
from semen that remains hyper-viscous after 
liquefaction. Since, prior to liquefaction, 
semen consists of a coagulum, non-liquefied 
semen remains a coagulum following 
ejaculation. In contrast, hyper-viscous semen 
is semen that has liquefied and becomes less 
of a coagulum after ejaculation. However, its 
consistency remains thicker than normal. 
Normally liquefied semen may be poured drop 
by drop, in contrast to hyper-viscous semen, 
which forms thick strands instead of drops. 
While in the past hyper-viscous and non- 
liquefied semen have been thought to be 
causes of infertility, it is unclear if this is 
actually the case. Normal postcoital tests have 
been reported in patients with non-liquefied 
semen, while sperm have been found in the 
cervical mucus before semen liquefaction. 
Although some have ascribed hyperviscosity 
to genital tract infections, this is not supported 
by current data. If hyper-viscous or non- 
liquefying semen is reported, a postcoital test 


(PCT) may be obtained. The presence of 
normal numbers of motile sperm in the 
cervical mucus strongly suggests that the 
consistency of semen is not a factor in the 
couples infertility. In those instances when the 
PCT demonstrates few motile sperm in 
association with good-quality cervical mucus, 
semen processing and IUI using the male 
partner's sperm may be employed. 


Concentration 


The term sperm count typically refers to 
the sperm density reported as millions of 
sperm per milliliter of semen. An 
accompanying parameter, total sperm count, 
generally refers to the total number of sperm 
within the whole ejaculate. This is obtained by 
multiplying the sperm concentration by the 
seminal volume. There are a variety of 
methods to determine sperm concentration. 
The majority utilize counting chambers in 
which sperm are counted within a grid. Recent 
data have demonstrated significant differences 
in sperm counts depending on the type of 
chamber used. Samples in which no sperm are 
identified should be centrifuged, and the pellet 
examined for the presence of spermatozoa. 


Motility and forward progression 


Motility refer to the percentage of sperm 
demonstrating any motion, whereas forward 
progression is a qualitative assessment of the 
relative speed with which spermatozoa move 
in a forward direction. There are two common 
scoring systems in use. In one, a five-point 
scale is utilized, with a rating of 0 indicating 
no motility, 1 indicating sluggish or non- 
progressive movement, 2 referring to sperm 
moving with a slow, forward progression, 3 
indicating movement in a reasonably straight 
line with moderate speed, 4 indicating sperm 
movement with high speed in a straight line. 
The report indicates the motility category of 
the majority of moving sperm. An alternative 
system categorizes all of the moving sperm 
into one of four categories: category A 
indicates rapid progressive motility, B 
represents sluggish or slowly progressive 
motility, C is motility that is non-progressive, 
and D indicates lack of motility. The 
percentage of sperm falling into each category 
is reported. 


agglutinated sperm 
in semen specimens; 


Clumps of 
occasionally appear 
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significant amounts of sperm agglutination are 
suggestive of the presence of the antisperm 
antibodies. Under wet-mount microscopy, 
round cells without tails are commonly 
identified. These should be properly termed 
round cells. Both immature germ cell, such as 
spermatocytes, and white blood cells may 
have this appearance. The presence of 
excessive numbers of round cells should be 
recorded. Subsequent assays may be used to 
differentiate between immature germ cells and 
white blood cells. Because non-motile sperm 
may be alive, the term necrospermia should 
not be used unless a sperm viability assay has 
demonstrated that all sperm are nonviable. In 
those cases in which motility is less than 5- 
10%, a viability stain should be used to 
determine if the immotile sperm are alive. A 
high percentage of viable non-motile sperm 
suggests the presence of an ultrastructural 


abnormality, such as primary ciliary 
dyskinesia. Electron microscopy of the 
spermatozoa to examine the sperm 


cytoskeleton may be utilized to confirm the 
diagnosis. 


Morphology 


The microscopic examination of sperm 
shape (morphology) is a sensitive index of the 
state of the germinal epithelium. While a 
rough gauge of morphology can be obtained 
using wet-mount microscopy with a phase- 
contrast microscope, detailed and accurate 
evaluation requires stained cytological smears. 
The traditional evaluation of sperm 
morphology classifies sperm as normal if they 
do not fit into one of several defined 
categories. A common classification scheme 
classifies sperm as normal (oval), amorphous 
(including large and small sperm), tapered, 
duplicated, and immature. The observation of 
spermatozoa recovered from __ postcoital 
cervical mucus, or from the surface of zona 
pellucida, has led to more strict criteria to 
define normal spermatozoa. There are 
multiple morphology scoring systems 
currently in use with no consensus among 
laboratories. Currently, lower limits of normal 
of 60%, 30%, 14% and 4% are in use. Thus 
interpretation of the morphology score on the 
semen analysis report requires that the 
physician be familiar with the individual 
laboratory’s classification system. The 
physician must also be aware of what clinical 


studies have been done to allow interpretation 
of various levels of normal morphologic 
forms. Initial studies utilizing strict 
morphologic criteria studied patients 
undergoing IVF, and reported better 
fertilization rates in those with greater than 
14% normal forms by strict criteria than in 
those with less than 14% normal forms. 
Further studies reported that the poorest 
fertilization rates occurred in those with less 
than 4% normal forms. Thus some 
laboratories report a normal threshold of 
greater than 4% while others report its being 
greater than 14%. 


Computer-assisted semen analysis 


Efforts to improve upon the manual 
semen analysis have resulted in computer- 
assisted semen analyses (CASA). Most 
systems utilize video with multiple frames that 
are then analyzed to determine specific semen 
parameters. In addition to motility, sperm 
concentration, and in some cases sperm 
morphology, additional parameters that are not 
measurable manually are often reported. The 
average distance per unit time between 
sequential positions of individual sperm is 
known as the curvilinear velocity. In contrast, 
the straight-line velocity is the speed of the 
sperm in a forward direction. This correlates 
with manual methods of determination of the 
forward progression. The straight-line velocity 
divided by curvilinear velocity yields linearity. 
CASA Systems are often used to measure 
hyper-activation, which is a state sperm obtain 
following capacitation. Hyper-activated sperm 
demonstrate large-amplitude movements of 
the head and tail with slow or non-progressive 
motility. The clinical utility of these, as well 
as other CASA-derived semen parameters, 
remains limited. Advantages of CASA 
systems include the ability to obtain precise 
quantitative data as well as the potential for 


standardization of semen analysis procedures. 
However, these advantages have been largely 
overshadowed by disadvantages including a 
lack of standardization in procedures, which 
may affect the results, as well as the 
significant expense of acquiring the 
equipment. While CASA remains a valuable 
research tool it has not proven itself more 
useful in the clinical work than the manual 
semen analysis. 


Interpretation of the initial 
evaluation 
Following the history, physical 


examination, and initial semen analysis, a 
differential diagnosis should be developed. 
Additional laboratory studies may then be 
employed to further refine the diagnosis and 
help determine management options. The 
results of the initial evaluation may be utilized 
in diagnostic algorithms, which direct the 
clinician to obtain diagnostic tests in a 
systematic and organized manner and with the 
least chance of omitting appropriate steps. 
When this approach is used, semen analysis 
results may be categorized into (1) all 
parameters normal; (2) azoospermia (lack of 
sperm in the semen); (3) diffuse abnormalities 
in sperm density, sperm morphology and 
motility; and (4) isolated problems restricted 
to one parameter of the semen evaluation such 
as seminal volume, sperm density, motility, or 
morphology. Some authors have calculated the 
frequencies of these classifications of 
subcategories (Table 52.3). 


Normal semen parameters 


The finding of normal semen parameter 
raises the possibility of a female factor, 
inappropriate coital habits, erectile 
dysfunction, defects in sperm function, or the 
presence of antisperm antibodies. 


Table 52.3: Distribution of semen abnormalities in 8758 patients. 


Azoospermia 
Predominance of a single abnormal parameter 
Motility 
Volume 
Morphology 
Density 
Defects in two or more parameter 


All parameters normal 


4% 
29% 
18% 
2% 
71% 
2% 
37% 
30% 


The term unexplained infertility is used 
to characterize infertility in which female 
factors have been ruled out and the male has a 
normal evaluation with normal semen 
parameters. Consideration should be given to 
testing for the presence of antisperm 
antibodies in the male. While uncommon, 
some men with normal semen parameters have 
a functional defect interfering with the ability 
of sperm to fertilize eggs, this may be 
diagnosed with the use of sperm function 
testing such as the sperm penetration assay, 
hemizona assay, acrosome reaction testing, 
reactive oxygen species (ROS) determination, 
or DNA fragmentation analysis. If functional 
defects are identified, the male evaluation 
should be repeated to try to identify any 
reversible causes. If no etiologies are 
identified, then the couple with clear sperm 
functional defects should be directed towards 
IVF with ICSI. In those cases of unexplained 
infertility without sperm function defects, IUI 
combined with controlled ovarian hyper- 
stimulation or IVF may be considered. 


Azoosper mia 


The term azoospermia refers to the 
absence of sperm from the semen. This should 
be differentiated from a dry ejaculate in which 
no antegrade semen is produced. The first step 
in evaluating an azoospermic patient is to be 
certain that the semen is truly azoospermic by 
centrifuging the specimen. It is not unusual to 
find sperm in the specimen of a patient 
initially reported to be sterile. In this instance, 
total ductal obstruction or complete lack of 


spermatogenesis has been ruled out. 
Azoospermia is commonly categorized into 
either obstructive azoospermia or non- 
obstructive azoospermia. The term non- 


obstructive azoospermia refers to a tack of 
sperm production, whereas obstructive 
azoospermia implies adequate sperm 
production in the presence of obstruction of 
the ductal system. The physician should take 
careful note during the physical exam of the 
testicular size and presence of the vas 
deferens, and should obtain a serum FSH. 
These parameters will help differentiate 
between the various causes of normal-volume 
azoospermia. Low testicular volume suggests 
a non-obstructive azoospermic etiology. 
Congenital bilateral absence of the vas 
deferens (CBAVD) is diagnosed by physical 
exam. This defect is usually due to a mutation 
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in the cystic fibrosis transmembrane regulator 
gene (CFTR). Semen from CBAVD patients is 
commonly low-volume and azoospermic with 
an acidic pH. A small proportion of patients 
may have vasal agenesis due to a non-cystic- 
fibrosis-mediated embryologic defect. These 
cases are often associated with renal 
anomalies, specifically unilateral absence of 
the kidney. Thus a renal ultrasound should be 
obtained. Normal testicular size is generally 
found in these patients. Because 
spermatogenesis is normal, a screening FSH 
should be obtained. The presence of a normal 
testicular volume and a normal FSH is a 
sufficient evaluation for diagnosis. A 
diagnostic testicular biopsy is not required in 
these patients unless the history, the physical 
exam or the finding of an elevated FSH 
suggests a spermatogenic defect. 


The finding of atrophic testes suggests a 
spermatogenic defect. This may be primarily 
due to an inherent testicular dysfunction or 
secondarily due to a hormonal deficiency. 
Thus azoospermic patients with normal 
seminal volumes and palpable vas deferens 
should have FSH and testosterone levels 
measured. The finding of small testes in 
association with a low FSH and testosterone 
suggests hypogonadotropic hypogonadism, 
and the patient's LH and prolactin levels 
should be evaluated. Low gonadotropin levels 
associated with an elevated prolactin level 
raise the possibility of a pituitary prolactinoma 
and a pituitary MRI should be obtained. The 
finding of atrophic testes and elevated FSH 
levels indicates germ cell failure. 


Patients with unilateral testicular disease 
may have elevated FSH levels. In patients 
with elevated FSH levels, a diagnostic 
testicular biopsy should only be performed in 
conjunction with sperm retrieval if IVF/ICSI 
is being considered. Patients with non- 
obstructive azoospermia due to a primary 
testicular defect and not due to a hormonal 
deficiency, should be offered genetic testing 
consisting of a karyotype and a Y- 
chromosome microdeletion analysis. If 
abnormalities are found, the couples should be 
offered genetic counseling prior to proceeding 
with assisted reproductive techniques. 


The finding of normal-sized testes in the 
presence of a normal FSH raises the 
possibility of obstructive azoospermia. 
Genetic testing should also be offered to these 


patients. A testicular biopsy is required to 
differentiate between spermatogenic defects 
and obstruction. If IVF/ICSI is an option, the 
diagnostic biopsy should be performed in 
conjunction with sperm retrieval. Sperm may 
be cryopreserved for later use in an IVF/ICSI 
cycle. The presence of normal 
spermatogenesis on the biopsy indicates 
obstructive azoospermia. Scrotal exploration 
with microscopic vasotomy and sampling of 
the vas fluid with either vasal irrigation or 
standard contrast vasography may be 
performed. The absence of sperm in the vas 
fluid suggests a more proximal obstruction. 
The presence of sperm in the vas fluid in 
association with inability to irrigate fluid 
distally in the vas deferens indicates a more 
distal obstruction. 


When performing vasography, retrograde 
injection towards the epididymis should be 
avoided, as it may cause epididymal trauma 
and extravasation secondary to increased 
intraductal pressure. Generally, bilateral 
vasograms are not necessary. A unilateral pat- 
ent vas is all that necessary to rule out 
obstruction as the cause of azoospermia. 
Epididymal obstruction can often be 
appreciated at the time of scrota! exploration 
when dilated epididymal tubules are identified 
under magnification during examination of the 
epididymis. Microsurgical epididymostomy of 
an individual epididymal tubule with 
inspection of the fluid in the operating room 
under high dry magnification (x 400) can 
verify the presence of sperm. If epididymal 
obstruction is encountered, vaso- 
epididymostomy should be performed. 


When the vasogram results demonstrate 
normal patency in the absence of sperm in the 
vasal fluid and the presence of non-dilated 
epididymal tubules, consideration should be 
given to the obstruction of the efferent 
ductules or rete testis. 


Low-volume azoospermic semen 
specimens may be due to hypogonadism (low 
testosterone levels), ejaculatory duct 
obstruction, or seminal vesicle absence or 
hypofunction. Both patients with bilateral 
ejaculatory duct obstruction and patients with 
CBAVD (which is usually associated with 
absence or hypoplasia of the seminal vesicles) 
produce low- volume, azoospermic, and acidic 
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semen specimens. In all patients with low- 
volume ejaculates post-ejaculate urine should 
be obtained to rule out retrograde ejaculation. 
In patients with low-volume azoospermic 
semen specimens, retrograde ejaculation with 
sperm found only in the urine is very unusual. 
This is in contrast to those patients with dry 
ejaculates, in whom retrograde ejaculation, 
with sperm found in the post-ejaculate urine, 
is much more common. If retrograde ejacu- 
lation is identified, attempts may be made to 
initiate antegrade ejaculation with 
sympathomimetic agents. Alternatively, 
urinary alkalinization may be achieved and 
sperm may be retrieved from voided urine, or 
culture medium may be instilled into the 
empty bladder prior to ejaculation. The 
medium may then be voided and sperm 
retrieved for IUI or IVF. 


If the post-ejaculate urine does not 
contain spermatozoa the seminal vesicles and 
the ejaculatory ducts should be examined with 
transrectal ultrasonography (TRUS). 
Historically, obstruction of the ejaculatory 
ducts was evaluated through the use of 
seminal fructose measurements, but the advent 
of TRUS has made this unnecessary. Dilated 
seminal vesicles suggestive of ejaculatory duct 
obstruction may be aspirated at the time of the 
TRUS. The presence of millions of sperm 
identified under wet-mount microscopy of the 
seminal vesicle aspirate is diagnostic of 
ejaculatory duct obstruction. In addition, the 
finding of sperm in the seminal vesicle fluid 
indicates the presence of intact 
spermatogenesis. Patients with these 
characteristics do not need testis biopsies for 
diagnosis. If ejaculatory duct obstruction is 
identified, transurethral resection of the 
ejaculatory ducts may be an option. In those 
azoospermic patients with low-volume 
ejaculates and in whom no ejaculatory duct 
obstruction is identified by TRUS, the 
evaluation should proceed as for normal- 
volume azoospermia. 


In a series of 133 azoospermic patients, 
biopsies were performed in 101 cases and 41% 
demonstrated normal spermatogenesis. The 
remainder of the azoospermic patients had 
testicular failure: Sertoli-cell only (38%), 
maturation arrest (20%), or focal scarring 
(2%). 


Multiple semen abnor malities 


The finding of defects in sperm density, 
motility, and morphology are commonly 
referred to as oligoasthenoteratozoospermia 
(OAT). By far the most common cause of this 
pattern is varicocele. The presence of a 
varicocele is a clinical diagnosis based on 
physical examination, and routine use of 
ancillary testing is not indicated. Ancillary 
techniques such as ultrasonography or 
venography may be utilized when the physical 
exam is suboptimal but suggestive of the 
varicocele - as in those patients who are obese, 
have very small scrotums, or are unable to 
tolerate a physical exam due to a vasovagal 
response. Transient distresses such as heat 
from the environment or from fevers should 
be considered if they have occurred within 
three months prior to obtaining the semen 
analysis. Additional causes of OAT include 
environmental toxins, drugs or medications, 
and cryptorchidism. Finally, the possibility of 
partial ejaculatory duct obstruction should be 
considered, as it may be associated with low 
seminal volume and defects in the majority of 
semen parameters. While some have 
advocated diagnosis and treatment of these 
patients, the criteria for diagnosis remain 
unclear. Clinicians should be careful in 
utilizing partial ejaculatory duct obstruction to 
explain what is, more commonly, idiopathic 
male infertility. 


Defects in isolated semen parameters 


Approximately 30% of patients have 
isolated defects in seminal volume, sperm 
density, motility, or morphology (Table 52.3). 


Defects in seminal volume 


Complete ejaculatory failure, also called 
aspermia, or a dry ejaculate, exists when no 
fluid is produced in an antegrade fashion 
during the male orgasm. This should be 
differentiated from azoospermia in which 
semen is produced in an antegrade fashion but 
there are no sperm present within the semen. 
Ejaculatory failure may be due to retrograde 
ejaculation, in which semen flows in a 
retrograde fashion into the bladder, or due to 
failure of emission, in which there is no 
semen expulsed through the vas deferens and 
ejaculatory ducts into the urethra. Common 
causes of ejaculatory failure include 
neurologic abnormalities such as spinal cord 
injury, diabetes mellitus, and multiple 
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sclerosis, and, in addition, the use of Q- 
blockers. Approximately 10% of patients 
taking tamsulosin report ejaculatory 
dysfunction. This appears to be much less 
common with the nonselective a-blockers, as 
well as with alfuzosin. Retroperitoneal 
surgery, including colon surgery and 
retroperitoneal lymph node dissections, may 
also impair ejaculation. True absence of 
ejaculation should be differentiated from 
complete inability to obtain orgasm, which 
may be due to medications such as serotonin 
reuptake inhibitors or to psychological 
disturbances. 


Much more common than complete lack 
of ejaculation are low semen volume ejaculate 
specimens. The most common cause of this 
finding is an incomplete collection. Multiple 
specimens should be obtained to be sure that 
low volume is a consistent finding In addition, 
the patient should be questioned to be sure the 
specimen results from a complete collection. 
Finally, partial retrograde ejaculation is 
another common cause of low-volume 
ejaculates. The previously mentioned 
neurological disorders, medications, and 
bladder neck or prostate surgery, as well as 
idiopathic causes, should be considered. 
Evaluation of low-volume azoospermia is 
discussed above, in the section on 
azoospermia. Some patients are unable to 
collect complete specimens by masturbation. 
The use of special seminal collection condoms 
will allow the collection of a specimen 
through intercourse. The abstinence period 
should be recorded for each specimen, since 
short abstinence periods will result in lower 
seminal volumes. 


Post-ejaculate urine analysis should be 
performed in all patients with absent 
ejaculation and low-volume non-azoospermic 
semen specimens. Specimens are most easily 
obtained by having the patient urinate prior to 
ejaculation. The patient is then instructed to 
ejaculate, and any antegrade specimen is 
collected into one container. The patient may 
then void into a second container. The urine is 
centrifuged at >300 x g for 10 minutes and the 
pellet examined. In those patients with 
aspermia, the presence of any sperm in the 
post-ejaculate urine indicates either retrograde 
ejaculation or at least the passage of some 
semen into the urethra. In those patients with 
low-volume non-azoospermic semen 


specimens, the finding of greater numbers of 
sperm in the urine than in the antegrade 
specimen indicates at least a functionally 
important component of retrograde 
ejaculation. It should also be kept in mind that 
the finding of any sperm in post-ejaculate 
urine in azoospermia rules out complete 
bilateral ductal obstruction. 


In the absence of sperm in the post- 
ejaculate urine, ejaculatory duct obstruction 
should be suspected. Complete bilateral 
ejaculatory duct obstruction will result in 
azoospermic, low-volume, and acidic semen 
specimens. The workup of these patients is 
described in the section on azoospermia. It is 
important to keep in mind that both congenital 
bilateral absence of the vas deferens and 
isolated ejaculatory duct obstruction may have 
these findings A careful physical examination 
will identify those patients with CBAVD. 
Transrectal ultra-sonography should be 
obtained to rule out ejaculatory duct 
obstruction. In the presence of low-volume 
non-azoospermic semen specimens, the 
diagnosis of partial ejaculatory duct 
obstruction by TRUS remains controversial 
and should not be made without seminal 
vesicle aspiration. While some would 
advocate the performance of resection of the 
ejaculatory ducts in these cases, others would 
utilize sperm in the antegrade ejaculate for the 
assisted reproductive techniques. A large 
ejaculate volume (>5 mL) may in theory 
dilute the sperm density and thereby cause 
sub-fertility. This occurrence is extremely 
uncommon and should only be suspected 
when there is an abnormal postcoital test 
despite adequate total sperm per ejaculate. In 
these instances, IUI combined with semen 
processing, which concentrates the sperm into 
a smaller volume, may be considered. 


Defects in sperm concentration 


In some patients, the only abnormality in 
the semen analysis is a decrease in the sperm 
density (<20 million sperm per mL). In 
patients with less than 10 million sperm per 
mL, serum FSH and testosterone should be 
determined. In those patients with less than 5 
million sperm per mL, a karyotype and Y- 
chromosome microdeletion analysis should 
also be considered. If deficiencies in 
gonadotropins are identified, a complete 
endocrine evaluation should be performed. 
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The finding of an elevated FSH may indicate a 
primary testicular defect. Most commonly, 
oligospermia is idiopathic. While varicoceles 
are commonly associated with decreases in 
sperm density, decreases in other sperm 
parameters such as motility usually 
accompany these findings. If hormonal 
deficiencies and genetic abnormalities have 
been ruled out, remaining treatment options 
include empiric medical therapy and assisted 
reproductive techniques, such as IUI and 
IVF/ICSI. 


Defects in motility 


The term asthenospermia refers to defects 
in sperm movement. This may be manifested 
by a low percentage of sperm that demonstrate 
any movement (motility) or by sperm that 
move forward slowly (poor forward 
progression). Prolonged abstinence periods, 
genital tract infections associated with 
pyospermia, antisperm antibodies, 
spermatozoal ultrastructural defects, partial 
ejaculatory duct obstruction, varicoceles, 
defective transport through the genital ductal 
system, and idiopathic causes may account 
for asthenospermia. Asthenospermia should 
be differentiated from sperm agglutination, 
which is the clumping together of individual 
spermatozoa identified under the microscope. 
Both asthenospermia and the presence of 
sperm agglutination suggest the presence of 
antisperm antibodies. In general, it is 
preferable to use direct assays, since these 
determine the presence of sperm-bound 
antisperm antibodies, as compared with 
indirect assays that determine the presence of 
antisperm antibodies in a body fluid, such as 
serum. If antibody-positive, these patients may 
be treated with immuno-suppressive steroids; 
however, the effectiveness of this medical 
treatment is low and there is the risk, albeit 
small, of serious side effects, such as aseptic 
necrosis of the hip. More commonly, patients 
are directed towards IUI or ICSI. Patients 
with isolated asthenospermia will not have 


hormonal deficiencies, therefore, hormone 
assays are not indicated in this patient 
population. 


Non-motile sperm in the semen specimen 
are most commonly dead and therefore not 
viable. The clinician should consider the 
possibility of the semen specimen being 
exposed to contaminants within the container 


or to extremes of temperature, or extremely 
prolonged abstinence periods. 


The complete absence of motility, or 
instance with less than 5-10% motility, also 
suggests the possible presence of 
ultrastructural defects in the spermatozoa. In 
these instances, a viability assay should be 
obtained, if all sperm are _ nonviable, 
necrospermia accurately describes the 
condition. In contrast, the finding of a high 
proportion of viable sperm with extremely low 
motility is consistent with the presence of an 
ultrastructural defect. In these instances, sperm 
should be evaluated by electron microscopy. 
The most common of such abnormalities 
include primary ciliary dyskinesia, also know 
as immotile cilia syndrome. When this is 
combined with situs inversus, it is known as 
Kartagener syndrome. 


Defects in morphology 


Teratozoospermia refers to defects in 
sperm morphology. This has been reported 
increasingly with the application of "strict" 
criteria. The majority of the cases are 
idiopathic, while varicoceles and temperature 
insults to spermatogenesis are also potential 
causes. Rare ultrastructural defects, such as 
the presence of round-headed sperm 
(globozoospermia), are characterized by an 
absence of acrosome. While these cases may 
be treated with ICSI, pregnancy rates have 
been low. 


Other abnor malities of semen 


The presence of increased numbers of 


round cells in the semen suggests pyospermia. 
A study to differentiate between immature 
germ cells and white blood cells should be 
considered. In cases of true pyospermia, the 
patient should be evaluated for Mycoplasma 
genitalium and Chlamydia trachomatis. These 
tests can be performed utilizing urine assays 
that use polymerase chain reaction (PCR) 
techniques. While semen cultures for bacteria 
have been advocated, the specimens are 
commonly contaminated by distal urethral 
organisms. As previously mentioned, 
hyperviscosity should rarely be suspected as a 
cause of infertility. 


Additional laboratory tests 


After the history, physical examination, 
and initial semen analyses, the algorithms 
shown in figures 52.1-52.4 are used to narrow 
down the differential diagnoses. Often 
additional testing is indicated. It should be 
emphasized that supplemental testing may be 
called for only when required to help narrow 
down diagnostic possibilities or to help in 
determining patient management. The 
etiologic categories of a large population of 
infertile patients are presented in table 52.4. 


Hor monal studies 


The performance of a hormonal 
evaluation serves two purposes in the 
evaluation of the sub-fertile male: to identify 
endocrinological abnormalities causing 
male infertility, or to yield prognostic 
information that is useful in the management 
of the male. 


Table 52.4: Distribution of final diagnostic categories found in a male infertility clinic. 


Category % 
Immunologic 2.6 
Idiopathic 32.6 
Varicocele 26.6 
Obstruction 15.3 
Normal female factor 10.7 
Cryptorchidism XT 
Ejaculatory failure 2.0 
Endocrinologic 1.5 
Drug/radiation 1.4 
Genetic 1.2 
Testicular failure 1.1 
Sexual dysfunction 0.7 
Pyospermia 0.5 
Cancer 0.4 
Systemic disease 0.3 
Infection 0.2 
Torsion 0.1 
Ultrastructural 0.1 
Total 100.0 


Indications for hormonal testing include 
evidence from the patient's history suggestive 
of hormonal abnormalities, such as complaints 
of sexual dysfunction or decreased libido, or 
particular findings on physical examination, 
such as decreased androgenization or 
gynecomastia. However, the most common 
indication is oligospermia, with the vast 
majority of hormonal abnormalities being 
found in men with sperm densities of less 
than 10 million sperm per mL. 


In patients with sperm densities of less 
than 10 million sperm per mL, determination 
of FSH and testosterone should be obtained. 
The most common abnormality identified is an 
elevated FSH, which generally indicates an 
impairment of spermatogenesis. In contrast, a 
normal FSH may be present with normal 
spermatogenesis or impaired spermatogenesis. 


True endocrinologic causes of male 
infertility are uncommon, being present in less 
than 3% of cases. If deficiencies in FSH or 
testosterone are noted on the initial hormonal 
evaluation, repeat studies with the addition of 
LH and prolactin should be considered. 


Quantification of leukocytes in semen 


Some infertile patients have numerous 
round cells in their semen. Both leukocytes 
and spermatocytes (immature germ cells) 
appear similar under wet-mount microscopy 
and therefore should be referred to as round 
cells. While many laboratories report these as 
white blood cells, their presence usually 
cannot be accurately determined without 
special staining techniques. The WHO 
considers more than | million white blood cells 
per ml to be abnormal. Thus consideration 
should be given to performing white blood cell 
staining of semen in those patients with > 1 
million round cells per/ml, or more than 10-15 
round cells per high-powered field. 


There remains controversy about the 
significance of true pyospermia. Many 
patients with pyospermia do not have 
documented infection, and not all studies 
demonstrate decreased fertility rates in couples 
with increased numbers of leukocytes in the 
semen. Pyospermia is more frequent in 
patients with genital tract infection and in 
patients with infertility. Bacterial cultures are 
not always positive in cases with pyospermia. 
Approximately one-third of patients with 
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excess round cells in the semen will be found 
to have true pyospermia, with the remainder 
having increased numbers of immature germ 
cells and not true pyospermia. Those patients 
with true pyospermia should be evaluated for 
genital tract infection. The treatment of 
pyospermia in the absence of genital tract 
infection remains controversial. Suggested 
treatments have included empiric antibiotic 
therapy, anti-inflammatory medications, 
frequent ejaculations, and prostatic massage. 
Despite a lack of proven efficacy, consideration 
may be given to semen processing to remove 
the leukocytes. The processed sperm may then 
be utilized for IUI or IVF. 


Antisperm antibodies 


Despite the availability of antisperm 
antibody assays for many years, the 
indications for testing, the interpretation of the 
tests, and the management of immunologic 
infertility remain controversial. Risk factors 
for the development of antisperm antibodies 
include any process that may have potentially 
disrupted the blood-testis barrier, including 
obstruction of the genital tract The finding of 
immotile sperm with a shaking motion on a 
postcoital test has correlated with the presence 
of antisperm antibodies. Additional indications 
have included asthenospermia or sperm 
agglutination as well as unexplained 
infertility. Management strategies have ranged 
from attempts to decrease the production of 
antisperm antibodies to semen processing 
techniques to remove the antibodies or the use 
of ICSI to bypass potential fertilization 
problems induced by the antibodies. 


Functional assays 


The standard semen analysis measures 
objective parameters of semen such as sperm 
count, motility, or seminal volume. Although 
these variables may correlate with 
fertilization, they do not directly measure 
those processes required for fertilization. For 
fertilization to occur in vivo, a sperm must be 
able to reach the site of the ovum by 
traversing the cervical mucus, undergo 
capacitation and the acrosome reaction, fuse 
with the oolemma, and be incorporated into 
the ooplasm. There are currently a variety of 
functional assays that measure the ability of 
the sperm to progress through these various 
stages. 


The sperm-cervical mucus interaction is 
generally measured by the PCT. The ability of 
sperm to undergo capacitation and the 
acrosome reaction may be evaluated through 
acrosome reaction assays, which determine the 
percentage of sperm able to undergo the 
acrosome reaction, as well as the sperm 
penetration assay. The ability of sperm to bind 
to the zona pellucida may be evaluated by the 
hemizona assay. 


Additional tests 


Additional tests, including those that 
measure reactive oxygen species (ROS) in 
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Semen volume 
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semen, are being used with increasing 
frequency. While small amounts of ROS are 
normally present in semen, higher 
concentrations may injure sperm plasma 
membranes and induce DNA strand breaks. 
Recent studies have demonstrated that sperm 
from sub-fertile males have poorer DNA 
integrity than sperm from fertile males. The 
roles of these tests remain controversial. 


Figures 52.1 — 52.4 illustrate algorithms 
for the workup of azoospermia, absent or low- 
volume ejaculate, oligospermia, and 
asthenospermia. 


CBAVD 


Semen volume 
> 1.0 mi 


W/U for normal-volume 
azoospermia with normal FSH 


Fig. 52.1: (A-C) Algorithms for the workup of azoospermia. CBAVD, congenital bilateral absence 
of vas deferens; ED, ejaculatory duct; FSH, follicle-stimulating hormone; hCG, human chorionic 
gonadotropin; ICSI. intracytoplasmic sperm injection; LH, luteinizing hormone; MRI, magnetic 
resonance imaging; R/O, rule out; T, testosterone; TDI, therapeutic donor insemination; TRUS, 
transrectal ultrasonography; TURED, transurethral resection of ejaculatory duct; W/U, workup; 


YCMD, Y-chromosome microdeletion. 
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Fig. 52.2: Algorithm 
for the workup of absent 
or low-volume ejaculate. 
ART, assisted 
reproductive 
technologies; ED, 
ejaculatory duct; ICSI, 
intracytoplasmic sperm 
injection; TDI, 
therapeutic donor 
insemination; TRUS, 
transrectal 
ultrasonography; 
TURED, transurethral 
resection of ejaculatory 
duct. 


Fig 52.3: Algorithm for 
the workup of 
oligospermia. FSH, 
follicle-stimulating 
hormone; hCG, human 
chorionic gonadotropin; 
IUI, intrauterine insemin- 
ation; IVF, in-vitro 
fertilization; LH, 
luteinizing hormone; 
MRI, magnetic resonance 
imaging; R/O, rule out; T. 
testosterone; YCMD, Y- 
chromosome 
microdeletion. 


Asthenospermia 
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Fig. 52.4: Algorithm for the workup of asthenospermia. ART, assisted reproductive technologies; 
ED, ejaculatory duct; ICSI, intracytoplasmic sperm injection; R/O, rule out; TRUS, transrectal 
ultrasonography; TURED, transurethral resection of ejaculatory duct. 
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Section 9: Diagnosis of male infertility 


Chapter 53: Evaluation of sperm function 


Introduction 


Over the past several decades, a number 
of in-vitro tests have been developed to 
assess various functional, biochemical and 
molecular markers of sperm health. These 
tests include measurements of sperm 
movement, cervical mucus penetration, the 
acrosome reaction, zona pellucida binding, 
sperm-oocyte fusion, and sperm reactive 
oxygen species (ROS) production. Tests of 
sperm DNA damage and sperm chromosome 
anomalies have also been developed. Taken 
together, these advanced sperm tests yield 
information on the fertilizing capacity of 
human spermatozoa, as well as their ability to 
support normal embryonic development. It is 
unlikely that there will ever be a single sperm 
fertility test that alone can diagnose male 
infertility. One must recognize that each of 
the advanced sperm fertility tests can only 
measure a very specific aspect of sperm 
function, and that no single test 
simultaneously measures every aspect of 
sperm health. 


The specific nature of these sperm tests 
and the generally low frequency of test- 
specific abnormalities in infertile men makes 
large-scale screening of male partners not 
cost-effective. Therefore, the application of 
advanced sperm fertility tests should be 
carefully tailored to the individual. 


The advent of intracytoplasmic sperm 
injection (ICSI, a technique that overcomes 
many sperm function defects) has, to some 
extent, undermined the clinical value of 
sperm fertility tests because the success of 
this technique is largely independent of 
sperm function. On the other hand, ICSI has 
raised concerns regarding the quality of 
the paternal genetic material that is 
introduced into the oocyte. Specifically, 
there is some concern that utilizing ICSI and 
bypassing natural selection barriers may 
increase the risk of iatrogenic transmission 
of DNA damaged and/or aneuploid 
spermatozoa. 
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Motility defects 


Defects in sperm movement may be due 
to extrinsic factors, such as collection 
artifacts, prolonged abstinence, genital tract 
infections associated with pyospermia, partial 
ejaculatory duct obstruction, varicocele, 
defective transport through the genital ductal 
system, antisperm antibodies, or less 
commonly, to primary sperm abnormalities 
such as ultrastructural sperm defects or 
enzyme deficiency. When motility is less than 
5-10% or completely absent, the possibility of 
ultrastructural defects in spermatozoa should 
be considered. In these instances, some type of 
testing to determine whether the non-motile 
sperm are viable or dead should also be 
performed. 


Viability assays 
Dye exclusion assays 


Viability assays are based on the ability 
of live sperm to exclude certain dyes, while 
dead sperm will allow the dye to penetrate and 
thus stain the cell. Protocols utilizing either 
trypan blue or eosin Y may be utilized. The 
absence of staining in the majority of cells 
indicates high viability, whereas the presence 
of staining indicates dead sperm. The finding 
of a high percentage of viable sperm in the 
presence of extremely low motility strongly 
suggests the presence of an ultrastructural 
(cytoskeletal) sperm defect. Since the sperm 
are killed in the vital staining process, they 
cannot be used subsequently for ART. 


Hypo-osmotic sperm swelling assay 


The hypo-osmotic swelling test (HOS) is 
based on the ability of viable sperm to 
maintain an osmotic gradient across the cell 
membrane. If live sperm are placed in 
hypotonic media, water will enter the cell and 
cause the cell to increase in volume. In 
sperm, this becomes evident in the tail 
region, where swelling of the sperm tail may 
be easily seen using phase-contrast 
microscopy. While some have proposed that 
this test be performed routinely along with 
the semen analysis in all patients, in the 


majority of instances the results do not 
change patient management. Currently the 
test is utilized as a diagnostic test with the 
same indications as a standard dye 
exclusion viability assay - for samples with 
less than 5-10% motility to determine if the 
non motile sperm are alive or dead. The 
finding of a high percentage of sperm with 
tail swelling (live sperm) in the presence of 
extremely low motility strongly suggests the 
pretence of an ultrastructural detect. In 
contrast, the finding of no tail swelling in the 
majority of sperm in combination with 
extremely low motility suggests that the non- 
motile sperm are dead. Unlike dye exclusion 
viability assays, the HOS assay does not kill 
sperm. As a result this assay has recently 
been utilized in a therapeutic manner in 
couples undergoing ICSI when only non- 
motile sperm are present in the semen 
specimen. An HOS test may allow the 
technician to pick out viable non-motile 
sperm, which then may be utilized for ICSI. 
As expected, there it a close correlation 
between the results of dye viability assays 
and hypo-osmotic sperm swelling testing. 


Electron microscopy 


Electron microscopy is indicated foe 
those samples with less than 5-10% motility 
associated with high viability as measured by 
either a dye viability assay or hypo-osmotic 
sperm swelling testing. The most common 
abnormalities involve the structure of the 
sperm tail, with defects in either the axoneme 
or outer dense fibers. The axoneme normally 
contains microtubules in a 9 + 2 pattern with 
inner and outer dynein arms connecting the 
peripheral microtubules to the central doublet 
The absence of both the inner and outer 
dynein arms is one of the most common 
defects identified in patients with immotile but 
viable sperm. Additional patterns seen in this 
patient population include an absence of either 
the inner or outer dynein arms, or abnormal 
positions of the microtubules or central 
doublet, as well as absence of the radial 
spokes. 


The defects are commonly present in the 
cilia of the respiratory tract as well, and the 
condition is known as primary ciliary 
dyskinesia or immotile cilia syndrome. 
Patients with these defects may have a history 
of chronic sinus infections and bronchiectasis. 
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Fifty percent of these patients also have situs 
inversus, in which instance the condition is 
known as Kartagener syndrome. 


These ciliary abnormalities generally 
have an autosomal recessive inheritance 
pattern. Sperm from patients with these 


patterns have been used in ICSI; although 
pregnancies have resulted, fertilization rates 
are generally quite low. Some authors 
identified an association between the rare 9 + 
O microtubule configuration of men presenting 
with immotile sperm who were also found to 
have adult polycystic kidney disease — an 
important cause of end-stage renal disease, 
highlighting the importance of testing and 
counseling of couples with these rare sperm 
defects. 


Defects in structures other than the 
axoneme have been identified in patients with 
impaired motility. The fibrous sheath 
surrounds both the outer dense fibers and the 
axoneme. Extremely poor or absent motility is 
associated with dysplasia of the fibrous 
sheath. Spermatozoa with this defect have 
short thick flagella that may have irregular 
shapes, leading to the term "stump tail 
syndrome". Complete and partial forms have 
been described, with 20-30% of sperm motile 
in the partial variety. Disorganization and 
hypertrophy of the fibrous sheath are noted on 
electron microscopy. 


Globozoospermia refers to the absence 
of the acrosome as well as the cytoskeletal 
protein calicin. These sperm appear as 
round-headed sperm under  wet-mount 
microscopy. The classic form (type I) is 
characterized by a complete absence of the 
acrosome and the inability of sperm to 
fertilize human eggs. Sperm with a type II 
defect contain hypoplastic acrosomes and 
may retain some ability to fertilize ova. 
Similar to primary ciliary dyskinesia, sperm 
from these patients have been utilized for 
ICSI, with low pregnancy rates. 
Abnormalities of the connecting piece of the 
spermatozoa lead to the separation of the 
head from the tail, yielding headless motile 
flagella. These are often referred to as 
pinheaded sperm on a standard semen 
analysis report. However, electron 
microscopy reveals the absence of nuclear 
material on the tails. 


Cervical mucus interaction 


The postcoital test (PCT) assesses the 
ability of sperm to traverse the cervical 
mucus. The PCT is performed by examining 
the cervical mucus several hours after 
intercourse for the presence of sperm. This 
test should be scheduled just prior to ovulation 
in the peri-ovulatory phase of the woman's 
menstrual cycle, at which point the cervical 
mucus becomes clear and thin. A drop of 
cervical mucus is examined under wet-mount 
microscopy for the presence of sperm. 


A normal test result is usually defined as 
one in which there are more than 10-20 sperm 
per high-powered field (x 400), the majority 
of which demonstrate progressive motility. An 
abnormal PCT result suggests that a cervical 
factor or a semen deposition abnormality may 
be involved in the couple's infertility, but there 
are many other causes for an abnormal result. 
A frequent cause for an abnormal PCT is 
inappropriate timing because the test was 
performed on the wrong day of the cycle. In 
addition, a significantly abnormal semen 
analysis can be expected to be associated with 
an abnormal PCT result. Therefore, when the 
male has a significantly impaired semen 
analysis, the PCT seldom offers useful 
information and is not indicated. The 
presence of antisperm antibodies on the 
sperm or in the cervical mucus may result in 
an abnormal PCT. The finding of sperm that 
appear to be immobilized with a shaking 
motion in the cervical mucus is particularly 
suspicious for the presence of antisperm 
antibodies. 


Additional causes of abnormal PCTs 
include inappropriately performed intercourse 
or anatomic abnormalities in either partner. 
While there remains some controversy as to 
the value of the PCT in the evaluation of the 
infertile couple, recent studies suggest it to be 
useful in approximately 50% of couples. 
Because of the difficulties with variability of 
the PCT, in-vitro assays have been developed 
to try to standardize the evaluation of the 
interaction of the sperm and cervical mucus. 
These in-vitro assays currently are not 
commonly used because the results generally 
do not change the management of the couple. 
However, the standard PCT should be utilized 
when the clinician thinks the results will affect 
choice of treatment. 
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Conditions such as unexplained 
infertility, low-volume semen specimens with 
normal total sperm counts, and hyper- 
viscous semen may benefit from the 
performance of postcoital testing. The finding 
of a persistently abnormal PCT in the presence 
of relatively good semen parameters suggests 
a defect in the quality of the cervical mucus. 
The gynecologist usually performs this 
evaluation at the time of the PCT. The mucus 
is rated by its pattern of ferning and 
spinnbarkeit. The finding of good-quality 
cervical mucus indicates that timing of the 
PCT is likely appropriate. The finding of no 
sperm in cervical mucus of good quality 
suggests the possibility of abnormal coital 
technique as well as a sperm deposition 
abnormality, such as might be present with 
hypospadias. 


Sperm acrosome reaction 


The acrosome is a cap-like vesicle that 
surrounds the anterior two-thirds of the sperm 
head. During spermiogenesis, the Golgi 
apparatus progressively envelopes the 
spermatid nucleus. The acrosome, therefore, is 
originally derived from the Golgi apparatus 
and contains the proteolytic enzymes acrosin 
and hyaluronidase. These acrosomal enzymes 
help spermatozoa penetrate the zona pellucida 
(ZP), the egg's glycoprotein shell. 


The acrosome reaction (AR) is a 
naturally occurring process that involves 
fusion of the sperm plasma membrane and 
outer acrosomal membrane, a process that 
results in the release of the acrosomal 
contents, e.g., proteolytic enzymes. The egg's 
ZP is the natural stimulus for the AR, 
although a number of natural and artificial 
substances have been shown to induce the AR 
in vitro. Under normal circumstances, only 
those spermatozoa that have undergone 
capacitation (a maturational process that 
involves a series of membranous and 
biochemical modifications) can be acrosome- 
reacted. One can assess the acrosomal status 
(acrosome-reacted or non-acrosome-reacted) 
of human spermatozoa using fluorescent 
lectins that bind to the outer acrosomal 
membrane (Arachis hypogaea agglutinin) or to 
the acrosomal contents (Pisum sativum 
agglutinin). In non-acrosome-reacted cells the 
probes generate a uniformly labeled acrosomal 
cap, and in acrosome-reacted cells only the 


equatorial segment of the sperm head is 
labeled. Simultaneous assessments of cell 


viability can help distinguish non- 
physiological "acrosomal loss" from 
physiological AR. 


Although the physiologic relevance of 
measuring AR in vitro is unknown, the 
meaningful application of the AR as a 
clinical test requires assessment of both 
baseline (spontaneous AR) and stimulated 
AR. As would be expected, the incidence of 
spontaneous AR in ejaculated human sperm 
populations is low, i.e., approximately 5% of 
ejaculated spermatozoa are acrosome-reacted. 


The incidence of AR increases when 
spermatozoa are incubated with a 
capacitating agent to induce sperm 


capacitation and, subsequently, with an AR 
stimulant. Known AR stimulants include 
A23187 (a divalent cation ionophore that 
induces changes in intracellular calcium and 
pH), progesterone (P, a steroid), and the 
human ZP (the physiologic inducer). It is 
important to note that only a small subset 
(~10-25%) of spermatozoa can undergo 
capacitation and, subsequently, be made to 
acrosome-react. 


The clinical application of the AR test has 
revealed two types of defects associated with 
male infertility: AR prematurity and AR 
insufficiency. AR prematurity, defined as a 
high level of spontaneous AR (> 20% of 
spermatozoa exhibiting spontaneous AR), has 
been associated with reduced capacity to 
fertilize at IVF. AR insufficiency, defined as a 
poor responsiveness to AR stimulants 
(generally, <10% difference between 
spontaneous and induced AR), has also been 
associated with reduced sperm fertilizing 
capacity. 


Several independent researchers have 
assessed the clinical value of the stimulated 
AR (SAR). Several studies have shown that 
the SAR can help predict fertilization at 
conventional IVF. 


Overall, the test appears to be valuable in 
counseling couples prior to a planned IVF: in 
those couples with a poor SAR score 
(generally, < 10) ICSI rather than 
conventional IVF would be recommended. 
The AR test may also be of value in predicting 
pregnancy at IUI and IVF. 
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The meaningful application of the test 
requires that it be applied to sample with 
normal or near normal sperm parameters 
(normal motility/viability is a requisite to 
undergo capacitation and AR) and, as such, 
the test is limited to a small subset of infertile 
males. 


Overall, it has been estimated that ~10% 


of infertile men with normal semen 
parameters have a defective or low ZP- 
induced AR. 


Overall, the data suggest that the AR test 
can help predict fertilization at conventional 
IVF and, as such, may be valuable in 
counseling couples prior to planned IVF or 
ICSI. The test is particularly useful in men 
with normal (or near-normal) semen quality. 
The test may also be of value in predicting 
pregnancy at IUI and IVF. However, the AR 
possesses some weaknesses as a clinical test. 
The AR test requires the use of a fresh sample 
(with simultaneous assessment of a control 
sample), in-vitro induction of the AR with one 
of several stimulants (each with differing 
potency), and the establishment of a 
laboratory-specific threshold value, which 
varies from one center to another. 


Sperm penetration assay 


Cross-species fertilization of ova is 
prevented by the zona pellucida, a 
glycoprotein layer that surrounds the ovum. 
The sperm penetration assay (SPA) utilizes 
hamster ova, which have had the zona 
pellucida enzymatically removed, allowing 
penetration by human spermatozoa. In this 
assay, human sperm are processed and 
allowed to capacitate. The sperm are then 
incubated with zona-free hamster oocytes. For 
penetration to occur, sperm must undergo 
capacitation, the acrosome reaction, fusion 
with the oolemma, and incorporation into the 
ooplasm. Since the zona pellucida is removed, 
defects limited to binding of the sperm to the 
zona pellucida will not be detected by this 
assay. Scoring of the original assay involved 
determining the percentage of ova that had 
been fertilized. Normal samples are generally 
found to penetrate more than 10-30% of ova. 
Incubation of the sperm in more potent 
capacitating media allows for the majority of 
oocytes to be penetrated. In this modified 
assay, scoring is based on the number of 
sperm that have penetrated each ovum. 


In general, if the test is normal, the 
patient’s sperm will usually be able to fertilize 
human ova in vitro. Semen samples that 
fertilize no hamster eggs usually are unable to 
fertilize human ova. The SPA should not be 
used as a routine test for all couples 
undergoing fertility evaluations. The assay 
may be considered in those patients who are 
candidates for regular IVF or IUI but have low 
morphology scores. Couples who fail the SPA 
may be better served by ICSI than by IUI or 
IVF. Some clinicians also recommend the test 
in couples with unexplained infertility to help 
direct couples towards IUI or ICSI. Those 
couples with semen samples with very poor 
parameters usually will be candidates only for 
ICSI, and therefore will not benefit from this 
assay. 


Hemizona assay 


The hemizona assay uses zona pellucida 
from non-fertilizable, nonliving oocytes. The 
zona pellucida is microscopically divided in 
half. Each half is then incubated with either 
fertile donor sperm or patient's sperm. The 
number of sperm bound to each zona half is 
determined and a ratio, called the hemizona 
index, is calculated by dividing the number of 
bound sperm from the patient by the number 
of bound sperm from the fertile donor. The 
limited availability of human oocytes has 
significantly limited the practical application 
of this test. 


Patients whose sperm have demonstrated 
low hemizona indices have been reported to 
perform poorly in IVF and IUI. Most studies 
have considered samples abnormal if the 
hemizona index is less than 30-40%. Because 
micro manipulation techniques are required to 
perform this assay, it is not frequently used. 


With the availability of ICSI, most cases 
of failed IVF will proceed to ICSI and 
therefore will not require a hemizona assay. 


Semen ROS 


Reactive oxygen species (ROS) are 
ubiquitous in aerobic biologic systems and are 
formed as a by-product of oxygen metabolism. 
ROS (also referred to as free radicals) include 
the superoxide anion (O7), hydrogen peroxide 
(H202), and the highly potent oxidant, the 
hydroxyl radical (OH)). Superoxide anion is 
generated as a by-product of aerobic 
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metabolism. The superoxide anion can then 
either spontaneously dismutate or be 
converted by the enzyme superoxide 
dismutase (SOD) to H,O. The enzymes 
catalase or glutathione peroxidase then 
convert H20; to water and oxygen, eradicating 
the ROS. Alternatively, both superoxide anion 
and hydrogen peroxide can be neutralized by 
non-enzymatic antioxidants such as albumin, 
glutathione, and hypotaurine, as welt as 
vitamins C and E. 


The high ROS levels observed in some 
pathologic conditions, e.g., semen of some 
infertile men, imply an imbalance between 
ROS production and ROS degradation or 
scavenging by antioxidants in seminal plasma. 
These high ROS levels produce a state known 
as oxidative stress that can lead to 
biochemical or physiologic abnormalities with 
subsequent cellular dysfunction or cell death. 
In contrast to the pathologic effects of excess 
ROS production, small amounts of ROS may 
be necessary for the initiation of critical 
sperm functions, including capacitation and 
the acrosome reaction. These findings stress 
the importance of a balance between ROS 
scavenging and low physiologic levels of 
ROS, necessary for normal sperm function. 


The detrimental effects of ROS on 
spermatozoa were suggested more than 60 
years ago with the demonstration that 
exposing sperm to oxygen results in sperm 
toxicity. Later studies confirmed that human 
spermatozoa and semen leukocytes have the 
capacity to generate ROS, and that significant 
levels of ROS can be detected in the semen of 
25% of infertile men. Fertile men do not have 
detectable levels of semen ROS. It has been 
demonstrated that activated leukocytes have a 
greater capacity to generate high levels of 
semen ROS and, consequently, increased 
sperm dysfunction than do spermatozoa. The 
production of oxidants by semen leukocytes 
can be significant and can overcome the 
antioxidant defense afforded by seminal 
plasma. Human seminal plasma is a rich 
source of enzymatic (superoxide dismutase, 
catalase) and non-enzymatic (vitamins, etc.) 
antioxidants, and these are believed to protect 
spermatozoa from oxidative injury. 
Spermatozoa also have the capacity to 
generate high levels of semen oxidants. In the 
absence of leukocyte contamination, the 
excessive elaboration of ROS by spermatozoa 


is correlated with the abnormal retention of 
residual sperm cytoplasm. 


The susceptibility of human spermatozoa 
to oxidative stress stems from the limited 
capacity of these cells to protect themselves 
from oxidative injury and the abundance of 
unsaturated fatty acids in the sperm plasma 
membrane. The unsaturated fatty acids 
provide the fluidity that is necessary for sperm 
motility and membrane fusion events such as 


the acrosome reaction and sperm-egg 
interaction, both required for natural 
fertilization. However, the unsaturated, 


double-bonded nature of these molecules 
predisposes them to lipid per-oxidation. Once 
lipid per-oxidation has been initiated, 
accumulation of lipid peroxides occurs on the 
sperm surface, with ensuing sperm 
dysfunction and sperm death. Oxidative 
damage to DNA represents an additional 
mechanism for the adverse action of ROS on 
spermatozoa. Semen ROS are generally 
measured by detection of chemiluminescence. 
Briefly, this is done by incubating fresh semen 
or sperm suspensions with a redox-sensitive, 
light-emitting probe, e.g., luminol, and by 
measuring the light emission over time with a 
light meter (luminometer). Sperm-specific 
(e.g, PMA) or leukocyte-specific (e.g., 
FMLP) stimulants can enhance the 
chemiluminescent signal. Sperm ROS can also 
be measured by using cellular probes coupled 
with flow cytometry. 


Several independent researchers have 
assessed the clinical value of semen ROS 
determination. Studies have shown that 
infertile men typically have higher semen 
ROS levels than fertile men, and that the pres- 
ence of leukocytospermia (in both fertile and 
infertile men) is associated with high semen 
ROS levels. Determination of semen ROS 
levels may allow clinicians to establish a more 
specific diagnosis of male infertility with the 
potential to design more specific therapies for 
these men. 


Sperm DNA damage 


Mammalian fertilization involves the 
direct interaction of the sperm and oocyte, 
fusion of the cell membranes, and union of 
male and female gamete genomes. The 
completion of this process, and subsequent 
embryo development, depends in part on the 
inherent integrity of the sperm DNA. Indeed, 
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there appears to be a threshold of sperm DNA 
damage (i.e. DNA fragmentation, abnormal 
chromatin packaging, protamine deficiency) 
beyond which embryo development and 
pregnancy are impaired. There is evidence to 
show that the spermatozoa of infertile men 
possess substantially more DNA damage 
than spermatozoa of fertile men, and that 
sperm DNA damage may adversely affect 
reproductive outcomes. The study of sperm 
DNA damage is particularly relevant in an era 
when advanced forms of assisted reproductive 
technologies (ART) are frequently utilized, 
and when barriers to natural selection are 
bypassed. 


Human and chromatin 


structure 


sperm DNA 


Sperm chromatin is tightly compacted by 
virtue of associations between the DNA, the 
nuclear matrix, and sperm nuclear proteins. 
During the later stages of spermatogenesis, 


spermatid nuclear remodeling and 
condensation is associated with the 
displacement of histones by transition 


proteins and then by protamines. In humans, 
up to 15% of the nuclear DNA remains 
packaged by histones in sequence-specific 
areas. Disulfide cross-links between the 
cysteine-rich protamines are responsible for 
further compaction and stabilization, and it is 
thought that this nuclear compaction is 
important in protecting the sperm genome 
from external stresses such as oxidation or 
temperature elevation in the female 
reproductive tract. 


Etiology of sperm DNA damage 
Primary testicular factors 


Sperm DNA damage may be the result 
of abnormal germ cell apoptosis. Advanced 
paternal age and exposure to gonadotoxins 
have been associated with reduced levels of 
germ cell apoptosis and an increase in the 
percentage of ejaculated spermatozoa with 
DNA damage. Sperm protamine deficiency 
has been implicated in the etiology of sperm 
DNA damage. Protamine deficiency (partial 
or complete) is frequently seen in sperm 
from infertile men but not in those of fertile 
men. This association suggests that the DNA 
damage is due, in part, to a defect in 
spermiogenesis, the period during which 
sperm protamines are deposited. 


High level of ROS are detected in the 
semen of 25% of infertile men and have been 
associated with sperm DNA damage. The 
DNA damage may be due to sperm or 
leukocyte-derived ROS, suggesting, 
respectively, that DNA damage may be due to 
a primary testicular (i.e., spermiogenesis) or a 
post-testicular (e.g., genital tract 
inflammation) defect. 


Extratesticular (external) factors 


A number of extrinsic factors have also 
been associated with sperm DNA damage. 
External factors include exposure to 
chemotherapy, radiation, and cigarette smoke. 
Genital tract inflammation, testicular 
hyperthermia, and varicocele are specific 
conditions that have also been associated with 
sperm DNA damage. 


Influence of sperm DNA damage on 
reproductive outcomes 


Sperm DNA integrity and reproductive 
outcomes after in-vivo fertilization 


Couples in whom the man has a high 
percentage of spermatozoa with DNA damage 
(DNA fragmentation or DNA oxidation) have 
a reduced potential for natural fertility. Data 
suggest that sperm DNA damage may be a 
predictor of lower pregnancy rates via 
intercourse or IUI. 


Sperm DNA integrity and reproductive 
outcomes after in-vitro fertilization 


Numerous studies have examined the 
possible influence of sperm DNA integrity on 
reproductive outcomes after both standard IVF 
and IVF/ICSI. Overall, the data suggest that 
there is no significant relationship between 
sperm DNA damage and fertilization rate at 
IVF or IVF/ICSI. 


Indeed, the paternal genome is not 
expressed until after the second cleavage 
division (i.e., in the four-cell embryo) so it is 
unlikely that sperm DNA damage would 
impact fertilization. Similarly, the bulk of the 
data indicate that there is no significant 
relationship between sperm DNA damage and 
either embryo development or pregnancy 
outcome at IVF or IVF/ICSI. 


ICSI is the treatment of choice in the 
setting of high levels of DNA damage (> 30% 
DNA fragmentation by sperm chromatin 
structure assay [SCSA]). 
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Clinical value of tests of sperm DNA 
damage 


(1) Unexplained infertility: Based on 
evidence that tests of sperm DNA damage 
(specifically SCSA) may be predictors of 
failed natural pregnancy outcome in these 
couples, couples with high levels of sperm 
DNA damage should be studied to determine 
if they would be better off pursing IVF or 
preferably ICSI. 


(2) Couples planning to undergo ART: Based 
on evidence that high levels of DNA damage 
arc associated with poor IUI pregnancy 
outcome, couples with high levels of sperm 
DNA damage should be studied to determine 
if they would be better off pursuing IVF or 
ICSI. 


(3) Couples with recurrent pregnancy loss: 
Based on evidence that high levels of DNA 
damage are associated with recurrent 
pregnancy loss, couples with high level of 
sperm DNA damage should be studied to 
determine If they would be better off pursuing 
IVF or ICSI. 


The assessment of sperm DNA damage 
possesses some limitations as a clinical test. 
(1) Several tests of sperm DNA damage have 
been developed (e.g., DNA fragmentation, 
DNA denaturation, and DNA oxidation using 
slide- and flow-cytometry-based assays) and 
there is no consensus as to the most accurate 
test of DNA damage. (2) For each of the 
available tests of DNA damage, there is no 
consensus as to the best threshold value to 
predict reproductive outcomes. 


Sperm fluorescence in-situ 
hybridization (FISH) analysis 
for chromosomal aberrations / 
aneuploidy 


For over a decade, FISH (fluorescence in- 
situ hybridization) has been used to evaluate 
the chromosome constitution of human 
spermatozoa. Studies have shown that, the 
percentage of chromosomally abnormal sperm 
in the general population may be as high as 5- 
10%. In infertile male carriers of structural 
chromosome anomalies (e.g., Robertsonian 
translocations) or sex-chromosome numerical 
anomalies (eg., 47,XXY) and in men with 
severe oligospermia, significantly higher 
levels of chromosomally abnormal sperm have 


been identified (up to 70% of spermatozoa). 
The clinical importance of these findings was 
not appreciated until the late 1990s, when 
studies reported an increased frequency of 
sex-chromosome anomalies in ICSI babies 
(compared to natural births). 


Introduction 


FISH is an indirect technique that has 
proven to be a good method to determine the 
chromosome content of spermatozoa. Briefly, 
sperm nuclei are decondensed and incubated 
with fluorescent, chromosome-specific probes 
(usually, X, Y and one or more autosome- 
specific probes that hybridize to 
complementary DNA sequences on the target 
chromosomes). The spermatozoa are imaged 
microscopically, and the percentage of 
spermatozoa with abnormal chromosome 
content is recorded. The technique (FISH) is 
costly and labor-intensive. 


Sperm chromosome abnor malities in fertile 
men 


Given a mean per chromosome disomy 
frequency of 0.13% for the autosomes and 
0.37% for the sex chromosomes, and a 0.2% 
diploidy frequency, the overall frequency of 
chromosomally abnormal sperm in the general 
population is estimated to be ~7%. 
Approximately 0.3% of all newborns are 
trisomic and less than one third of these are of 


paternal origin, with most paternal 
abnormalities being sex-chromosome 
aneuploidies. 


It is likely that natural selection barriers 
(aneuploid sperm exhibit a reduced capacity to 
bind to the oocyte) and spontaneous abortions 
of aneuploid fetuses are both involved in 
reducing the incidence of paternally derived 
trisomic newborns. Differences in sperm 
aneuploidy frequency among populations may 
be due to intrinsic and extrinsic factors. 
Cigarette smoke, alcohol, and chemotherapy 
can all cause increased sperm aneuploidy. Age 
has also been associated with increased 
aneuploidy in both males and females. 


Sperm chromosome abnormalities in 
carriers of sex chromosome numerical 
anomalies 


Several FISH studies in sperm nuclei and 
germ cells from 47,XXY and 47,XYY males 
(both mosaic and non-mosaic) have been 
reported. Analysis of the spermatozoa shows a 
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highly variable frequency of sex-chromosome 
disomies (range 1-20%) and of diploid sperm 
(range 0-1.5%). In Klinefelter males 
(47,XXY) FISH analysis of the meiotic germ 
cells reveals that all pachytene cells are XY, 
although variable percentages of XXY cells 
are found in post-meiotic stages. These results 
suggest that in Klinefelter males the aneuploid 
cell lines is/are fully arrested before entering 
meiosis. It is postulated that the high rates of 
sex-chromosome disomies found in the 
spermatozoa of some of these patients 
probably result from segregation errors in 
normal (XY) germ cells placed in a 
compromised testicular environment. 


FISH analysis of testicular germ cells 
from 47,XYY males indicates that -60% of 
pachytenes are XYY. However, the lower- 
than -expected sperm disomy rate in 
spermatozoa (0.1-1%) suggests a pachytene 
and/or post-meiotic arrest in this line. 
Sperm chromosome abnormalities in 
structural reorganization carriers 


The meiotic segregation of structural 
reorganizations depends mainly on_ the 
characteristics of the chromosome fragments 
involved, thus resulting in a variable 
percentage of chromosomally unbalanced 
sperm. Sperm FISH studies (using the correct 
combination of probes) provide a valuable 
technique for assessing the percentage of 
abnormal sperm in translocation carriers. In 
men with a Robertsonian translocation, the 
frequency of sperm with unbalanced 
chromosomes is estimated to be in the range 
of 5-20%. 


In men with a reciprocal translocation, the 
frequency of sperm with unbalanced 
chromosomes is higher than that observed in 
men with a Robertsonian translocation and is 
estimated to be in the range of 10-70%. It has 
been shown that the frequency of 
chromosomally unbalanced embryos 
(assessed by preimplantation genetic diagnosis 
with aneuploidy screen or PGD-AS) is related 
to the frequency of chromosomally 
unbalanced spermatozoa in reciprocal 
translocation carriers. Depending on the 
nature of the reciprocal translocation, many of 
these abnormal embryos will likely fail to 
develop, and those that do develop will 
frequently result in abortion, stillbirth or 
neonatal anomalies. Therefore, it has been 


suggested that male structural reorganization 
carriers should undergo sperm FISH studies 
and PGD-AS, to assess the chromosomal 
constitution of IVF embryos. 


Chromosomally normal infertile men 


Most studies report significantly higher 
aneuploidy rates (mostly sex-chromosome 
hyper-haploidy and diploidy) in sperm nuclei 
of infertile compared to those of fertile men. It 
has been suggested that meiotic disturbances, 
especially frequent in cases with severe 
oligoasthenospermia (OA), are responsible for 
the production of abnormal gametes. The risk 
of sperm chromosomal aneuploidy appears to 
be inversely correlated to sperm concentration 
and total progressive motility. Severe 
oligospermia has been associated with 
aneuploidy levels of up to 70%. Consequently, 
it has been suggested that men with severe OA 
should undergo meiotic studies and/or sperm 
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chromosome analyses by FISH prior to ICSI 
so as to undergo adequate genetic counseling. 
Sperm FISH analysis may also be valuable in 
couples with recurrent _first-trimester 
abortions, based on studies suggesting a role 
for sperm chromosome abnormalities in 
recurrent pregnancy loss. 


Clinical utility of sperm FISH analysis 


The application of sperm FISH analysis 
has largely been evaluated in the context of 
research studies. However, there may be 
specific clinical circumstances for which 
sperm FISH may be used. Sperm FISH 
analysis may be useful in infertile men with 
sex-chromosome numerical anomalies, 
structural chromosome anomalies, and severe 
oligospermia, prior to ICSI. Sperm FISH may 
also be considered in couples with a history of 
recurrent miscarriages and trisomic 
pregnancies. 


Section 9: Diagnosis of male infertility 


Chapter 54: Endocrine evaluation of infertile male 


Introduction 


Approximately 20% of men undergoing 
an infertility evaluation will be diagnosed with 
an underlying endocrine abnormality. 
Although the percentage may appear to be 
small, the identification of specific endocrine 
abnormalities allows the patient to understand 
if and how his infertility may be treated. 
Whereas some disorders can be treated with 
hormonal intervention leading to successful 
pregnancy, others cannot Therefore, an 
evaluation of the reproductive endocrine status 
is an essential component in the investigation 
of all male partners with either an abnormal 
physical examination suggestive of a disorder 
in testosterone production and action, an 
abnormal semen examination, or evidence of 
impaired sexual function. 


Reproductive axis physiology 


The important hormones of the male 
reproductive system are gonadotropin 
releasing hormone (GnRH), produced in the 
hypothalamus; the pituitary gonadotropins, 
luteinizing hormone (LH) and follicle- 
stimulating hormone (FSH); the testicular 
steroids, testosterone and estradiol; the 
testicular peptide, inhibin; and the peripherally 
produced dihydrotestosterone (DHT) (Fig. 
54.1). 
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GnRH synthesis and pulsatile release into 
the hypophyseal portal veins is regulated by 
GnRH receptors in the pituitary gland and 
stimulates the synthesis and release of the 
gonadotropic hormones, LH and FSH. LH and 
FSH are secreted by the pituitary gland into 
the general circulation and carried to the 
testes. The gonadotropins stimulate gonadal 
secretion of testosterone and estradiol. 
Testosterone is important for the maturation 
and maintenance of spermatogenesis. 


Testosterone is metabolized to DHT by 
the enzyme 5a-reductase. DHT is necessary 
for external virilization during embryogenesis 
and androgen action during puberty and 
adulthood. Only 25% of circulating estradiol is 
secreted by the testes. The major portion of 
circulating estradiol is derived from peripheral 
conversion of testosterone and andro- 
stenedione. Estrogen plays a role in the 
regulation of the secretion of GnRH and LH. 
The testis also produces inhibin, a non-steroid 
substance secreted by the Sertoli cells. Inhibin 
is postulated to act primarily at the pituitary 
level, where it selectively inhibits the secretion 
of FSH. Inhibin, along with testosterone, 
exerts local regulatory effects on 
spermatogenesis. 


Fig 54.1. The hypothalamic-pituitary-testicular functional unit. GnRH, gonadotropin-releasing 
hormone; LH, luteinizing hormone; FSH, follicle-stimulating hormone; T, testosterone; ABP, 


androgen-binding protein; F, estradiol. 
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Prolactin, a polypeptide hormone, is 
synthesized and secreted from the pituitary 
gland. Elevated levels of prolactin interfere 
with gonadotropins and suppress testosterone 
synthesis in men. 


Control and coordination of testicular 
function occur via feedback signals, both 
positive and negative, exerted by the 
hormones secreted at each level of the 
hypothalamic-pituitary-testicular axis. These 
signals include (1) inhibition of hypothalamic 
GnRH secretion and pituitary LH 
responsiveness to GnRH by testicular steroids 
and (2) inhibition of pituitary FSH by 
testicular inhibin and, possibly, by circulating 
estrogens. Any disruption of the delicately 
coordinated interaction between the 
components of the hypothalamic-pituitary- 
testicular axis may lead to hypogonadism 
and/or infertility. 


History and physical examination 


The history and physical examination 
assist the clinician in ascertaining if an 
endocrine disorder is causing the man's 
infertility. History is obtained in order to 
uncover any underlying medical or endocrine 
conditions which might alter or disrupt 
testosterone production. Important milestones 
in a patient's developmental history include 
normal or abnormal descent of the testes, 
premature or delayed puberty, gynecomastia, 
altered libido or potency and fertility history, 
and urinary tract or central nervous system 


(CNS) abnormalities. Other important 
information includes past and present 
illnesses; surgery to the brain or the 
genitourinary system (e.g., orchiopexy, 


herniorrhaphy, vasectomy); infectious disease 
(e.g., venereal disease, mumps, tuberculosis, 
epididymitis); use of drugs, medications and 


alcohol; occupations and exposure to 
chemicals at work or at home. 
Physical examination uncovers 


underlying general medical conditions and 
particularly endocrine disorders that result in 
hypogonadism. Assessment of cranial nerves 
may suggest a pituitary tumor. Midline facial 
defects are associated with congenital 
secondary hypogonadism. Thyroid disease is 
suspected with thyromegaly, eye changes, 
hyper-reflexia, or hyporeflexia. Gynecomastia 
is associated with hypogonadism or an 
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imbalance of the testosterone: estradiol ratio 
and hyperthyroidism, cirrhosis, testicular 
rumor, and drug use. Hepatomegaly is 
associated with alcoholic liver disease and/or 
abnormal steroid metabolism. 


Secondary sexual characteristics, which 
include body habitus, hair distribution pattern, 
body proportions, and size and anatomy of the 
genitalia, should be noted, Testicular 
examination includes assessment of shape, 
consistency; position, and presence of a mass. 
Testicular volume is measured with an 
orchidometer or calipers. Testicular size is 
primarily a reflection of the presence and 
activity of the seminiferous tubules. Testes 
smaller than 15 cm? by Prader orchidometer 
are associated with an abnormally low-sperm 
concentration and may or may not be 
associated with a low testosterone production. 
Testes larger 25 cm’ may indicate a tumor or a 
hydrocele. 


Determining if hypogonadism presented 
to or following puberty assists with the 
diagnosis. If Leydig cell function or androgen 
action was deficient during embryogenesis, 
then hypospadias, cryptorchidism, or 
microphallus occurs. If Leydig cell failure 
occurred prior to puberty, sexual maturation 
does not occur and features of eunuchoidism 
will develop. The cardinal feature of 
eunuchoidism is the failure of androgen- 
induced closure of the epiphyses of the long 
bones of the extremities, leading to an arm 
span 5cm longer than height and a lower body 
segment (pubic to heel) more than 5cm longer 
than the upper body segment (crown to pubic). 
Other findings of this condition include sparse 
body, pubic, and facial hair; poor skeletal 
muscle development; absence of male-pattern 
baldness; infantile genitalia with small firm 
testes; failure of voice to deepen; and, on 
occasion, gynecomastia. 


Leydig cell failure following puberty is 
associated with more subtle physical findings. 
These include small, soft testes; female body 
habitus with female fat distribution; a decrease 
in skeletal muscle mass; gynecomastia; 
decrease in facial hair; and excessive facial 
wrinkling. Patients with isolated germ cell 
failure have normal physical findings except 
small testes, while patients with 
spermatogenic arrest or obstruction have 
normal-size testes. 


Laboratory assessment 


Initial laboratory assessment of the 
hypothalamic-pituitary-testicular axis includes 
the measurement of circulating levels of LH, 
FSH, and testosterone. Clinical history and the 
physical examination will determine if more 
specialized hormone testing, including free 
testosterone, sex hormone-binding globulin 
(SHBG), estradiol and prolactin, is indicated. 
A single sample of 10mL of whole blood 
collected in the morning to minimize diurnal 
variation is usually adequate. However, 
because of the pulsatile nature of hormone 
secretion in men, single random measurements 
of serum levels may not accurately reflect the 
mean concentration of LH, FSH, and 
testosterone over a prolonged period of time. 
Therefore, if an abnormal result is obtained, 
the patient should be reevaluated with a 
collection of multiple samples (three samples 
collected through an indwelling cannula at 20 
minute intervals). Pooling three samples 
provides a more integrated measure of basal 
hormone secretion. 


The measurement of free testosterone is 
included when clinical conditions exist that 
alter SHBG levels. Testosterone circulates in 
the blood loosely bound to albumin and tightly 
bound to SHBG. The bound testosterone is in 
equilibrium with the 2% of free or biologically 
available testosterone that enters the cells and 
exerts its metabolic effects. A change in the 
amount of available SHBG alters the degree of 
tissue entry of testosterone. Because the serum 
testosterone measurement includes both the 
bound and unbound fractions, alterations of 
SHBG levels may give an inaccurate estimate 
of the biologically active (free testosterone) 
concentration. Therefore, the measurement of 
free (unbound) testosterone is a more 
accurate marker of physiologically available 
testosterone than is the measurement of total 
testosterone level when conditions of altered 
SHBG concentrations or binding exist. 


Estradiol measurements are ordered 
when a patient presents with gynecomastia, a 
testicular mass, or a history consistent with 
exogenous estrogen exposure. Prolactin 
measurement is included in the evaluation of 
a patient with impotence or evidence for a 
CNS tumor, as well as in men with a relevant 
drug history. The measurement of DHT is 
indicated when a disorder of testosterone 
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conversion to DHT is suggested by the clinical 
presentation. 


Measurement of circulating LH and 
FSH levels allows the clinician to determine 
if a patient's endocrine dysfunction is the 
result of primary testicular failure or 
hypothalamic and/or pituitary deficiency. 
Because LH secretion is regulated by the 
inhibitory feedback of circulating testosterone, 
the measurement of serum LH reflects the 
adequacy of Leydig cell function in patients 
with testicular damage. Thus, patients with 
testicular failure present with elevated LH 
levels, and patients with hypothalamus / 
pituitary failure present with diminished 
levels. 


Serum FSH levels reflect the state of the 
seminiferous epithelium in the infertile man. 
In men with azoospermia due to severely 
damaged germ cells, serum FSH levels are 
usually elevated. Combined elevations of FSH 
and LH levels are seen in association with 
severe testicular damage, reflecting a decline 
in both the tubular (Sertoli and spermatogenic 
cells) and androgenic functional components 
of the testes. Stimulation testing of the 
hypothalamic-pituitary-testicular axis is rarely 
indicated, because it often yields unreliable 
results. In azoospermic or severely 
oligospermic men with normal-sized testes, a 
normal level of FSH may indicate the 
presence of post-testicular (epididymis and 
vas deferens) obstruction of the excretory 
duct system. Measurement of inhibin levels is 
not available in most laboratories, but inhibin 
may be a marker of testicular function. 


An assessment of other pituitary 
hormones  (adreno-corticotropic hormone 
[ACTH], thyroid-stimulating hormone [TSH], 
and growth hormone [GH]) is recommended 
in patients with hypogonadotropic hypo- 
gonadism in whom a pituitary tumor is 
suspected. Assessment of other endocrine 
organ functions (adrenal, thyroid, parathyroid, 
pancreas) is recommended in patients 
suspected of multiple end-organ failure. 


Other hormonal tests 
GnRH, GnRH test 


Because of extremely low serum 
concentrations and short half-life, GnRH 
cannot be measured in peripheral blood by 
immunoassay. 


The GnRH test is performed to determine 
the gonadotropin reserve capacity of the 
pituitary and is particularly indicated for low- 
normal LH and FSH values, which cannot 
always be differentiated from pathologically 
low basal values. 


The rise of LH should be at least threefold 
30-45 min after injection of 100ug GnRH; the 
increase in FSH should be 1.5 times over 
basal. However, the results should be judged 
by an experienced clinician. 


If a hypothalamic disorder is suspected 
during the first GnRH test and no rise of 
gonadotropins is observed, a GnRH pump test 
should be performed. After pulsatile GnRH 
treatment (Sug GnRH every 120 min) for 36h 
to 7 days, the GnRH test is repeated. A 
significant rise in gonadotropin levels after 7 
days points to hypo-thalamic disease; no rise 
is typical for pituitary insufficiency. An 
additional GnRH test after 36 h serves to 
differentiate constitutionally delayed puberty 
from idiopathic hypogonadotropic 
hypogonadism. For further differentiation, 
medical imaging procedures (e.g., MRI) are 
necessary. 


Prolactin, TRH Stimulation Test 


Endocrine stimulation tests can be applied 
to differentiate a  prolactinoma from 
hyperprolactinemia with other causes. For the 
male the thyrotropin releasing hormone (TRH) 
stimulation test is best suited. Typically 
patients with a _ prolactinoma show a 
diminished increase of prolactin after TRH 
administration because of autonomous 
prolactin production by the tumor, whereas 
patients with hyperprolactinemia of non-tumor 
origin respond normally. A prolactin rise of 
less than 30% over basal after 200g TRH i.v. 
provides a diagnostic hint for a macro- 
prolactinoma. 


SHBG 


In blood, testosterone is bound to protein, 
specifically to sex hormone binding globulin 
(SHBG). Only approximately 2% of 
testosterone is unbound and available as free 
testosterone for biological activity. The 
concentration of free testosterone, as a 
measure of biologically available testosterone, 
is determined by equilibrium dialysis or as the 
serum fraction of total testosterone which is 
not precipitated by ammonium sulfate. These 
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methods, however, are too complicated for 
clinical routine. Calculating free testosterone 
from the serum concentration of total 
testosterone and SHBG using a standardized 
formula has proved to be a simple and reliable 
method for estimating testosterone bioactivity. 


Since generally total testosterone is well 
correlated with free testosterone, separate 
determination of free testosterone is only 
necessary in certain cases. As an example, 
hyperthyroidism and antiepileptic and other 
drugs and conditions that cause an increase in 
SHBG levels and thereby increased 
testosterone concentration in serum, without a 
parallel increase of the biologically active free 
testosterone fraction. In extreme obesity low 
testosterone levels are measured; however, in 
combination with low SHBG values, 
accordingly, the free testosterone fraction 
remains normal, although in the low-normal 
range. 


hCG test 


The endocrine reserve capacity of the 
testis can be tested by stimulation with human 
chorionic gonadotropin (hCG). hCG has 
predominantly LH activity and stimulates 
testosterone production of the Leydig cells. 
Today, the test is predominantly used for 
differentiation between cryptorchidism or 
ectopy of the testis (rise in testosterone levels 
present, but diminished) and anorchia 
(absent testosterone rise). On the first day of 
the examination, basal blood samples are 
obtained between 8.00 and 10.00 hours; 
immediately thereafter a single injection of 
5,000 I.U. hCG is given i.m. Further blood 
samples are obtained after 48 and/or 72 h. The 
rise of testosterone should be 1.5-2.5-fold. 
Lesser values indicate primary hypogonadism; 
higher values signal secondary hypogonadism. 
Failure of values in the castrate range to 
increase indicates anorchia or complete 
testicular atrophy. Decreasing reserve 
capacity of the Leydig cells is a characteristic 
of the elderly man. 


Anti-Miillerian Hormone 


Determining serum levels of AMH is a 
sensitive and specific test providing evidence 
for the existence of a testis in the prepubertal 
male. Normal values for boys show the 
presence of testicular tissue; undetectable 
serum concentrations indicate anorchia. 
Compared to the hCG test, the AMH test is 


equally specific, but more sensitive and hence 
its predictive value is higher in prepubertal 
boys. 


Inhibin B 


Inhibin B is produced by the Sertoli cells 
in the testes and plays a role in the regulation 
of FSH secretion in the pituitary. Inhibin A is 
not produced in the male. Inhibin B is a 
marker of spermatogonia proliferation and 
interaction with Sertoli cells and its 
concentration in serum drops quickly when 
spermatogonial proliferation stops. Overall, 
inhibin B levels decrease and, consequently 
FSH concentrations increase in the presence 
of germ cell depletion. 


Inhibin B shows a marked circadian 
rhythm, with high values in the morning, 
descending to lowest levels in the late 
afternoon. In healthy and infertile men 
morning serum concentrations of inhibin B are 
correlated with FSH serum levels, sperm 
concentration and testicular volume. As a 
direct secretory product of the Sertoli cell, 
inhibin B is slightly more sensitive than FSH 
as a parameter for evaluating spermatogenesis. 


Diagnosis and treatment of endocrinal infertility 


Diagnosis of male infertility based on the 


empty scrotum 


AMH, INSL3, hCG test, 
sonography, MRT, 
CT of the abdomen 


level of FSH and semen findings (azoospermia 
or OAT) is presented in fig. 54.2. 


The differential diagnosis and treatment 
of endocrine dependent male-factor infertility 
is based on the history, physical examination, 
and reproductive hormone levels. Based on 
these data, patients can be placed in four major 
diagnostic categories: (1) hypogonadotropic 
hypogonadism (secondary hypogonadism), (2) 
hyper-gonadotropic hypogonadism or 
testicular failure (primary hypogonadism), (3) 
defective androgen synthesis or response, and 
(4) combined primary and secondary hypo- 
gonadism (Fig. 54.3). 


Hypogonadotropic hypogonadism (secondary 
hypogonadism) 
Diagnosis 

Hypogonadotropic hypogonadism, also 
referred to as secondary hypogonadism can 
occur as the congenital condition idiopathic 
hypogonadotropic hypogonadism (IHH), or as 
an acquired condition. Men with hypo- 
gonadotropic hypogonadism are deficient in 
LH and FSH secretion. In the absence of LH 
and FSH stimulation, the testes secrete low 
amounts of testosterone, and spermatogenesis 
is disrupted (Fig. 54.4). 
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Fig. 54.2: Algorithm for differential diagnosis of male fertility disorders indicating the importance 


of FSH, along with semen analysis. 
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Fig. 54.3: Diagnostic evaluation of man presenting with infertility. LH, luteinizing hormone; FSH, 
follicle-stimulating hormone; T, testosterone; N, normal; TESE, testicular sperm extraction; IVF, 
in-vitro fertilization; ICSI, intracytoplasmic sperm injection; AID, artificial insemination donor. 


The original description of IHH referred 
to as  Kallmann syndrome, was of 
eunuchoidism associated with anosmia and 
isolated deficiency of GnRH secretion from 
the hypothalamus. Defective migration of 
GnRH from the olfactory region to the 
hypothalamus with mutations of the KALI 
gene is the mechanism of the impaired 


including cleft palate, color blindness, and 
deafness have been described. Associated 
renal agenesis and bimanual synkinesis may 
be present. IHH can also be inherited as an 
autosomal dominant, autosomal recessive, or 
GnRH receptor mutation pattern. However, 
the majority of cases are sporadic. The 
incidence of the syndrome is about 1 in 10 000 


secretion of GnRH. This condition has a sex- males. 


linked inheritance. Midline facial defects 
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Fig. 54.4: Evaluation and treatment of patient with hypogonadotropic hypogonadism. T, testosterone; LH, 
luteinizing hormone; FSH, follicle-stimulating hormone; PRL, prolactin; TSH, thyroid-stimulating hormone; 
ACTH, adrenocorticotropic hormone; GH, growth hormone; MRI, magnetic resonance imaging examination 
of the sella region. 
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A variant of congenital hypogonadotropic 
hypogonadism, referred to as adult-onset or 
acquired IHH, occurs in men who have 
normal pubertal development and past 
fertility. They present with impotence and/or 
new-onset infertility, with inappropriately low 
gonadotropins in the face of lower levels of 
testosterone, often accompanied by 
oligospermia. This does not appear to be the 
result of aging, but rather to be a late-onset 
form of IHH. 


Rarely, men will present with isolated LH 
deficiency, a syndrome previously referred to 
as the fertile eunuch syndrome. Because the 
absence of LH prevents normal stimulation of 
the Leydig cells in the testes, testosterone is 
not produced in adequate amounts to allow 
normal androgenization, but the normal 
secretion of FSH stimulates spermatogenesis 
Rarely, men present with isolated FSH 
deficiency and infertility. They are normally 
androgenized because the LH-testosterone 
axis is normal. 


Acquired causes of hypogonadotropic 
hypogonadism include tumor, infection, 
infiltrative diseases, autoimmune hypo- 
physitis, pituitary infarction, and drug use. 
The most common acquired cause is a 
prolactin secreting tumor. These tumors in 
men tend to be macro-adenomas at the time 
of discovery and often are associated with 
impotence. The tumor interferes with 
gonadotropin secretion by compressing the 
pituitary tissue and because of prolactin's 
inhibition of gonadotropin secretion. 
Pituitary tumors of other cell types (GH, 
ACTH, FSH), non-secreting tumors, and 
craniopharyngiomas act as space-occupying 
lesions. The associated moderately elevated 


prolactin is due to the inhibition of 
dopamine. 

Infiltrative diseases that invade the 
pituitary gland include sarcoidosis, 


histiocytosis, and infectious granulomatous 
diseases. Diseases that predispose the patient 
to increased levels of circulating levels of iron 
may present with hypogonadotropic 
hypogonadism due to iron deposition in the 
pituitary gland. These include hemo- 
chromatosis and those diseases that require 
chronic blood transfusions such as sickle cell 
anemia and thalassemia. Imaging studies of 
the hypothalamus and pituitary are necessary 
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to determine if a tumor or infiltrative disease 
is present. 


Systemic diseases with chronic 
malnutrition, rare neurologic disorders, 
estrogen-producing testicular tumors, and 


severe obesity may inhibit the hypothalamic- 
pituitary axis. Hypogonadotropic hypo- 
gonadism has been reported in men with type 
2 diabetes. 


Patients with congenital adrenal 
hyperplasia secrete excess adrenal androgens, 
which suppress endogenous gonadotropin 
secretion. Thus the testes are not stimulated 
and spermatogenesis is suppressed. Because of 
the high circulating adrenal androgens, 
premature puberty occurs, with premature 
closure of the epiphyses, leading to shorter 
stature than genetically expected. Testes 
shrink, but adrenal rest tumors may be 
identified on testicular examination. 


A number of drugs can lead to secondary 
hypogonadism. Drugs and medications that 
increase prolactin levels by interfering with 
the dopamine inhibition of prolactin secretion 
can lead to disruption of gonadotropin 
secretion. The use or abuse of anabolic 
steroids also suppresses gonadotropins. In this 
situation, the patient will have normal or 
elevated testosterone levels, variable increased 
estradiol levels, suppressed spermatogenesis, 
and normal androgenization with possible 
gynecomastia. 


Treatment 


Therapy for patients with tumors and 
infiltrative diseases should be dictated by the 
underlying pathology prior to treatment with 
hormone replacement therapy. Because men 
with hypogonadotropic hypogonadism are 
deficient in LH and FSH secretion, 
spermatogenesis can be initiated and 
pregnancies achieved with exogenous 
gonadotropins. Selection of the type of 
hormone therapy, as well as the ultimate 
success of therapy, depends on the severity of 
the defect. The most frequently prescribed 
preparations are human chorionic 
gonadotropin (hCG) and human menopausal 
gonadotropin (hMG). 


HCG is biologically comparable to LH in 
that it stimulates Leydig cell synthesis and 
secretion of testosterone. Treatment with hCG 
alone in patients with partial gonadotropin 


deficiency may increase sperm counts and 
result in pregnancies. HCG is administered at 
a dosage of 1500-2000 IU 2-3 times per week 
for 18-24 weeks until normal serum 
testosterone levels are achieved and there in 
no further increase in testicular growth or 
improvement in sperm production. Some 
patients with partial defects, as well as patients 
with complete hypogonadism will require the 
addition of HMG to their regimens. HMG, 
which contains both LH and FSH, stimulates 
spermatogenesis, but only after 
intratesticular testosterone is brought into the 
normal range with hCG stimulation. HMG is 
administered at a dose of 75 IU 2-3 times 
weekly until pregnancy is achieved After 
pregnancy has been achieved and maintained 
for three months, HMG treatment can be 
withdrawn and spermatogenesis usually 
maintained by continued administration of 
hCG. 


Patients should be monitored carefully 
during gonadotropin therapy with monthly 
testicular examinations, measurement of 
testosterone and estradiol levels, and semen 
analysis. The dose is titrated to testicular size 
and hormone levels. Because hCG therapy 
stimulates estradiol production directly from 
the testicle as well as from conversion from 
testosterone, the normal ratio of testosterone to 
estradiol is decreased and gynecomastia as 
well as inhibition of spermatogenesis can 
occur. Other reported side effects include 
headaches, breast tenderness, and the 
development of anti-hCG and LH antibodies. 
Selected patients may respond to treatment 
with clomiphene. A few findings of testicular 
tumor have been reported. 


If the patient has hypothalamic disease, 
GnRH therapy is also an option. However, 
treatment is not user-friendly. GnRH is 
administered subcutaneously every two hours 
via continuous pump or by intranasal 
administration, and is not necessarily more 
successful in inducing spermatogenesis than 
is gonadotropin therapy. Treatment with 
recombinant FSH may result in fertility in 
men with isolated FSH deficiency. The 
efficacy and safety of recombinant FSH are 
under investigation. Growth hormone therapy 
does not play a significant role in the 
treatment of hypogonadotropic hypo- 
gonadism. 
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Patients not interested in maintenance of 
spermatogenesis for fertility are often treated 
with testosterone replacement. Prior chronic 
treatment of men with hypogonadotropic 
hypogonadism with testosterone does not 
affect the subsequent success of gonadotropic 
therapy. 


Hyper gonadotropic hypogonadism (primary 
hypogonadism) 


Diagnosis 


Men with hypergonadotropic hypo- 
gonadism can be subdivided into two major 
groups: (1) men with classic hyper- 
gonadotropic hypogonadism identified by 
elevated gonadotropin levels, low testosterone 
level, and severe oligospermia or azoospermia 
(testicular failure), and (2) men with 
spermatogenic failure without Leydig cell 
failure, who present with elevated scrum FSH 
level, normal LH and testosterone levels and 
oligospermia or azoospermia (primary germ 
cell failure). 


Klinefelter syndrome, occurring in 
approximately I in 500 men, is the most 
common cause of classic hypergonadotropic 
hypogonadism. The classic chromosomal 
abnormality is 47, XXY. Cardiac 
abnormalities, cognitive and behavioral 
problems, and an increased incidence of breast 
cancer have been reported in Klinefelter 
patients. Patients with karyotypes of XX Y/X Y 
or multiple X chromosome mosaicism present 
with a range of hypogonadal signs and 
symptoms. 


Causes of primary germ cell failure 
include post-pubertal viral or bacterial 
orchitis, chemotherapeutic agents, idiopathic, 
and possibly secondary to exposure to 
environmental toxicants. 


Treatment 


At present, there is no endocrine therapy 
available for the treatment of infertility in 
these two groups of men. Artificial 
insemination with donor semen (AID), 
adoption, and, in selected cases, in-vitro 
fertilization ([VF)/intracytoplasmic sperm 
injection (ICSI) are the current options. Recent 
studies suggest that these patients may benefit 
from recombinant FSH therapy prior to 
IVF/ICSI. A small series of men with 
abnormal testosterone-to - estradiol ratios have 


been treated with aromatase inhibitors, with 
some improvement in spermatogenesis. 


The men who present with testicular 
failure (both an abnormality of 
spermatogenesis and testosterone production) 
should be treated with androgens to maintain 
secondary sexual characteristics. If the patient 
has not gone through puberty, dosing should 
start at a lower dose than the full replacement 
dosage and be slowly titrated up to adult 
testosterone levels. 


Defective androgen synthesis or response 


Sa-reductase deficiency presents with a 
mild elevation in testosterone, decreased to 
absent levels of DHT, and normal LH and 
FSH levels. Because of the failure to convert 
testosterone to DHT, DHT-sensitive organs do 
not develop normally. Patients present with a 
spectrum of ambiguous genitalia, abnormal 
prostate development, and abnormal 
virilization at puberty. These men usually have 
sperm production adequate to initiate a 
pregnancy but because of their genital urinary 
anatomic defects, intrauterine insemination 
may be necessary. 


Androgen resistance is associated with 
elevated testosterone and estradiol levels, 
borderline elevation of LH, and normal FSH. 
This is due to insensitivity of the androgen 
receptor to testosterone. Androgen actions are 
mediated by the androgen receptor, which is 
encoded by the androgen receptor gene, 
located on the long arm of the X chromosome 
at Xqll-12. The androgen receptor gene 
contains eight axons. Axon one contains a 
cytosine-adenine-guanine (CAG) repeat, 
which varies in length in the general 
population and is inversely correlated with 
androgen receptor activity. Men with 
infertility are reported to have a longer CAG 
repeat length. 


The androgen receptor defect results in a 
deficient, cellular response to testosterone, 
with a secondary increase in serum LH. 
Because the testes are continually stimulated 
by an elevation of scrum LH levels, the 
secretion rate of testosterone may be 
increased. Androgen receptors in the pituitary 
gland are also insensitive to the feedback 
inhibition of testosterone, and LH continues to 
be secreted in excess. Because testosterone is 
normally converted to estradiol by 
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aromatization, serum estradiol levels are 
usually elevated. The altered testosterone-to- 
estradiol ratio often produces gynecomastia. 


The clinical presentation of the patient 
depends on the severity of the impairment in 
receptor function. Complete androgen 
insensitivity (testicular feminization) is 
manifested as a phenotypic female with 
normal breast development, scant pubic and 
axillary hair, primary amenorrhea, and an XY 
karyotype. Serum testosterone and estradiol 
levels are markedly elevated, the latter 
accounting for the normal female body 
habitus. Patients with partial androgen 
resistance (Reifenstein syndrome) present 
with ambiguous genitalia. The mildest form of 
androgen resistance results in a normal male 
phenotype, but abnormal spermatogenesis. 
The frequency of this mildest form is not well 
established. Diagnosis is suggested on the 
basis of the hormonal pattern described, but 
absolute confirmation requires sequencing of 


the androgen receptor coding gene in 
specialized laboratories. 
Androgen receptor abnormalities are 


rarely amenable to hormone therapy. No 
medication is currently available to overcome 
the defect at the receptor level. Men with 
partial androgen resistance have variable 
degrees of hypogonadism and infertility. If 
sperm are present either in the ejaculate or in 
the testes, patients may be able to father 
children via IVF/ICSI. 


Combined primary and secondary hypo- 
gonadism 


The most extensively studied category of 


combined primary and secondary 
hypogonadism is that of aging-related 
alterations in the hypothalamic-pituitary- 


testicular axis of older men. A gradual 
decline in circulating testosterone levels is 
reported in healthy aging men. This condition, 
frequently referred to as andropause, is 
defined as an age-related decline in circulating 
androgen levels below the normal range for 
young men, associated with signs and 
symptoms consistent with androgen 
deficiency. Although total testosterone and 
bioavailable testosterone are documented to 
decline with aging, the actual levels of these 
hormones tend to remain within the normal 
range for testosterone. Testosterone, 
bioavailable testosterone, and SHBG are 


estimated to decrease by 0.8%, 2%, and 1.6% 
per year, respectively. Gonadotropins arc 
reported to either increase or decrease with the 
testosterone levels. Hypothalamic dysfunction 
is suggested by abnormal LH pulse frequency 
and reduced amplitude. 


Coincident with this decline in 
testosterone levels is a diminution in libido 
and a decline in total nocturnal erections 
associated with rapid-eye-movement sleep, 
reduced muscle mass and strength, decreased 
bone mass with an increased fracture rate, 
diminished vigor, mood changes, and possibly 
impaired cognition. Chronic or acute illness, 
malnutrition, and a number of medications can 
further compromise testosterone production in 
the aging man. 


A diagnostic workup is indicated if the 
patient presents with signs and symptoms of 
androgen deficiency. Three screening 
questionnaires have been developed to 
uncover the signs and symptoms of androgen 
deficiency in men: (1) the Androgen 
Deficiency in Aging Male questionnaire 
(ADAM), (2) the Massachusetts Male Aging 
Survey (MMAS), and (3) the Aging Male 
Survey (AMS). Unfortunately, these 
questionnaires have a high sensitivity but a 
low specificity, and correlate poorly with 
testosterone levels. 


Table 54.1: Contraindications to testosterone therapy. 


If the history and physical examination are 
consistent with a possible decline in 
circulating testosterone, then the endocrine 
workup should proceed as already outlined. A 
total testosterone below 300ug/dL on two 
separate occasions is diagnostic However, 
most men's testosterone values will fall in the 
low normal range. Preliminary results of both 
short-term and longer-term study trials of 
testosterone therapy in men more than 65 
years old are inconclusive regarding the ben- 
eficial effects on muscle strength, libido and 
mood, and bone turnover. In general, the 
beneficial effects of testosterone replacement 
are documented in those men with testosterone 
levels that fall below the normal range. Few 
adverse effects have been reported, but long- 
term risks are uncertain. 


Replacement therapy in the older man 
with symptoms of testosterone deficiency, but 
low normal circulating levels of testosterone 
continues to be controversial. A number of 
academic organizations (Endocrine Society, 
American Society of Andrology, International 
Society of Andrology, American Society for 
Reproductive Medicine) have published 
guidelines, available on their websites, 
regarding the diagnosis and treatment of age- 
related testosterone decline. Tables 54.1, 54.2 
and 54.3 summarize some of those 
recommendations. 


Prostate cancer 

Sleep apnea 

Breast cancer 

Significant benign prostatic hypertrophy 
Unexplained PSA elevation 
Undiagnosed prostate nodule 


Unstable severe congestive heart failure 


Table 54.2: Baseline evaluation prior to initiation of testosterone therapy. 


Luteinizing hormone, follicle-stimulating hormone, testosterone, estradiol, prolactin 


Complete blood count 

Liver function tests 

Electrolytes 

High-density lipoprotein cholesterol 
Low-density lipoprotein cholesterol 
Prostate-specific antigen 

Consider bone densitometry 


Table 54.3: Monitoring of testosterone therapy. 


Months 3, 6, 9, 1 2, and then yearly 
Compete blood count 

Liver function tests 
Lipids/cholesterol 

Testosterone and estradiol 


Prostate-specific antigen levels and digital examination 
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Section 9: Diagnosis of male infertility 


Chapter 55: Testicular biopsy in male infertility 


evaluation 


Introduction 


The testicular biopsy is one of the 
cornerstone surgical procedures in male 
reproductive surgery. It is both diagnostic and 
therapeutic, and while many modifications to 
the testis biopsy have been made over the past 
70 years the fundamental principles of the 
operation remain unchanged. The testis biopsy 
offers the andrologist the opportunity to 
confirm the diagnosis of obstructive 
azoospermia, diagnose testis failure, and 
obtain histologic information regarding the 
oligospermic patient using one relatively 
benign operation. At the same time, the 
procedure allows for the extraction of any 
sperm identified during its coarse; it is this 
fact that has allowed for the successful 
treatment of millions of couples with severe 
male-factor infertility using intracytoplasmic 
sperm injection. 

As a result of the therapeutic nature of the 
testis when utilized as an adjunct treatment to 
IVF/ICSI, pressure has mounted to investigate 
less invasive techniques of testis biopsy. These 
procedures include percutaneous needle 
aspiration and mapping of the testis. This 
demand is countered by efforts to increase 
sensitivity of biopsies with regard to the 
identification and extraction of any existing 
sperm in the severely oligospermic or virtually 
azoospermic patient. The micro-dissection 
testicular sperm extraction technique (micro- 
TESE) is a result of this effort; usage of an 
operating microscope during open testis 
biopsy increases the likelihood of finding 
sperm that can be used for IVF/ICSI. 


Techniques 
Standard open surgical biopsy 


Testis biopsy can be performed with 
conscious sedation, general anesthesia, or 
local anesthesia alone if preferred. If the 
procedure is performed under local anesthesia 
alone, a cord block in addition to a skin block 
at the area of the incision if typically adequate; 
1% lidocaine (with or without 0.5% 
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bupivacaine for longer-acting anesthesia) is 
used. After the surgical site is properly 
prepared, and with the anterior scrotal skin 
kept on tension, a horizontal incision of 2-3 
cm is made through the skin and subcutaneous 
tissue (dartos) to the parietal layer of the 
tunica, vaginalis. (A vertical incision can also 
be used, with the potential benefit being the 
ability to extend the incision towards the 
inguinal canal if need be). This layer is sharply 
divided, and the testis is delivered into the 
field. A small incision (less than 1 cm) is 
made in the tunica albuginea using a # 11 
blade. Gentle pressure is then applied to the 
testis, and any testicular parenchyma that is 
extruded through the tunical opening is then 
excised using fine scissors (curved Iris) and 
set aside in an appropriate fixative or buffer, 
depending on the intended purpose of 
obtaining the biopsy. Those typically used 
include Bouin's fixative for histologic 
examination, and human tubal fluid for 
sperm extraction. If an adequate specimen has 
been obtained, hemostasis is achieved using 
electrocautery, and then the tunical opening is 
closed using a running fine absorbable suture 
(0000 chromic). The tunica vaginalis, dartos, 
and skin are then closed in an identical 
fashion. A dressing of loose gauze and a 
supportive garment arc typically applied. 


Modifications to this technique include 
the use of the operating microscope; this 
procedure is termed  micro-dissection 
testicular sperm extraction (micro-TESE). A 
dual headed operating microscope is utilized 
to provide magnification of 20-25x. A 
technique identical to that described above it 
used to deliver the testis into the field in a 
sterile fashion. A larger tunical opening is 
made, preferably in an vascular plane, the 
entire testicular parenchyma exposed, and the 
microscope used to identify grossly normal- 
appearing tubules for biopsy. The opacity, 
color, and size of the tubules are used to 
decide which tubules are more likely to harbor 
sperm. The goals of this procedure are 


maximization of the likelihood of success with 


each procedure while minimizing 
unnecessarily excised testis tissue. In 684 men 
with nonobstructive azoospermia, some 


authors achieved successful sperm extraction 
in 61% of patients. 


An equally important modification to the 
open testis biopsy is the “window” technique. 
Using a smaller incision (less than 1 cm) and 
an eyelid retractor to provide adequate 
exposure, a technique like the one described 
above is employed to take a biopsy, with the 
important difference being that the testis is not 
delivered through the incision. The benefits of 
this procedure include decreased morbidity, 
with regard to both the size of the incision and 
the amount of testis tissue removed. The 
procedure is ideally reserved for the patient 
who has undergone a previous successful 
testis biopsy or mapping procedure; in this 
patient, a repeat “window” biopsy can be 
targeted to regions of the testis in which sperm 
were previously found. 


Fine-needle aspiration/percutaneous testis 
biopsy 
There are obvious advantages and 


disadvantages to percutaneous biopsy of the 
testis. Benefits of the procedure include the 
fact that it can be safely performed in the 
office and its relatively low morbidity to the 
patient. To its detriment is the fact that less 
meaningful information (primarily cytological 
rather dun histological) is returned from the 
procedure, simply because of the disorganized 
nature of the harvested tissue and the smaller 
amount of tissue returned. Despite this, an 
earlier series demonstrated that percutaneous 
biopsy correlated well with open biopsy. 


Described methodologies for this 
procedure include use of the Tru-Cut biopsy 
needle, the Biopsy gun, or a simple aspiration 
setup including a 23g butterfly needle. All of 
these methodologies can be used safety with 
local anesthetic alone. 


A by-product of the refinement of needle 
biopsy techniques in the testis is fine-needle 
aspiration (FNA) for systematic mapping of 
sites of active spermatogenesis. A 
standardized technique of obtaining 20-30 
needle aspirations is utilized. Numerous 
independent assessments of this technique 
have demonstrated that its utility is 
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comparable to that of open testis biopsy in 
terms of successful extraction of sperm from 
patients with azoospermia or severe 
oligospermia. 


Cytological assessment of biopsy or 
aspirate specimens can be performed in 
several ways. The simplest, and perhaps least 
accurate, is a  wet-prep cytological 
examination. A wet-prep slide is prepared by 
placing a small sample of testis tissue on a 
microscope slide with a small amount of 
Ringer's lactate solution. A cover-slip is 
applied and the slide is examined using a light 
(preferably phase) microscope. The relative 
ease of performing this assessment allows for 
its use in the operating room; ideally, a wet- 
prep examination can confirm that there are 
mature spermatozoa present in a biopsy. 
Unfortunately, wet-prep cytologies do not, of 
course, return any histologic information 
about the germinal epithelium, tubular 
architecture, or testicular interstitium. 


More accurate cytological assessments 
can be obtained using touch-prep techniques 
(with H&E, Pap, or DiffQuick staining) or 
cyto-centrifugation. Both are more labor- 
intensive than wet-prep examinations, but they 
can return more meaningful histological 
information than wet-prep cytology. 


Multiple testicular biopsy 


Patients with hypergonadotropic NOA 
including Klinefelter syndrome generally 
show Sertoli-cell-only syndrome, but often 
reveal a focal pattern of seminiferous tubules 
showing at least qualitatively intact 
spermatogenesis. Additionally, pre-invasive 
testicular intraepithelial neoplasia (TIN) is 
heterogeneously distributed within the testis. 
Therefore, most authors recommend multiple 
testicular sampling in NOA for successful 
sperm retrieval and to increase the safety for 
detection of TIN. 


Some authors developed a_ technique 
combining cryopreservation, TESE, and 
histology. It was later improved and published 
as "EAU Guidelines on Male Infertility 2002". 
This technique includes histological 
evaluation using a scoring system of three 
biopsies per testis from different locations 
considering the testicular vascularization 
pattern. Two parts of the biopsy are regularly 
cryopreserved to recover spermatozoa for 


ICSI, and to be stored. The third part is fixed 
and embedded for histological evaluation. 
Other groups also use multiple biopsy 
techniques due to _ focal spread of 
spermatogenesis and, in addition, to improve 
the detection rate for TIN. Both techniques 
lead to comparable results in respect to 
successful sperm extraction. 


For histological evaluation, the biopsy 
should be about of the size of a grain of rice 
(5-10 mm length) showing about 25-30 
tubular cross sections that have been regarded 
to be representative for the whole organ. 
Performing multiple biopsies on each side, 
data of score analysis reveal that in the case of 
OA only 2% of biopsies showed differences of 
scoring between different specimens in one 
testicle, in contrast to patients showing NOA, 
where regional differences within the same 
testis in respect to spermatogenesis indicating 
focal impairment occurred in 32%. 
Concerning the difference between right and 
left testicle, there may be a difference of more 
than three points in score counts in up to 7% 
of patients with obstructive azoospermia and 
of more then two points in score counts in 
13% of these men. 


In recent years, micro-dissection 
techniques, either single tubule biopsy or 
microsurgical biopsies have been evaluated for 
testicular sperm extraction to increase the rate 
of successful sperm retrieval in severely 
impaired spermatogenesis. With micro-dissec- 
tion techniques those areas exhibiting tubules 
are separated and excised, while immature 
stromal elements can be avoided when 
harvesting tissue. Recently, the successful use 
of the measurement of seminiferous tubule 
diameter for predicting successful sperm 
retrieval was published. In seminiferous 
tubules > 300um in diameter, the sperm 
retrieval rate was 84% compared to 
conventional sperm retrieval with 36%. 


Fixation of testicular biopsies 


Formalin fixation of specimens regularly 
used in pathology cannot be recommended 
because of severe shrinkage artefacts, making 
detailed histological evaluation impossible. 
Fixation in glutaraldehyde and subsequent 
embedding in epon provides an optimal 
structural preservation for semi thin and 
ultrathin electron microscopy; the latter 
permits clear identification of atypical germ 


[457] 


cells because of the nuclear structure and large 
amounts of intracytoplasmic glycogen 
granules such as TIN cells, but this material 
does not allow modern histological techniques 
such as immuno-histochemistry or in situ 
hybridization that give evidence of gene 
expression on the protein and mRNA level. 
Therefore fixation in Bouin's or Stieve's 
solution and embedding in paraffin wax is 
recommended. Structural preservation of 
Bouin or Stieve-fixed testicular tissue allows 


precise identification of ll cellular 
components. 

Pathological classification of 
biopsy findings 


Tubular architecture 


The typical diameter of the seminiferous 
tubule in the adult human male is anywhere 
from 150 to 300 um. Within the tubule, 
spermatogonia and Sertoli cells line the 
basement membrane; this basement membrane 
is surrounded by an interstitium that includes 
Leydig cells and peritubular myoid cells. 
Importantly, the basement membrane is 
maintained by collective action of both the 
Sertoli cells and peritubular myoid cells. 
Visualization of the basement membrane is 
made easier by a stain such as periodic acid- 
Schiff. 


Abnormalities of tubular architecture 
include such findings as tubular hypoplasia, 
basement membrane hyalinization, and 
peritubular fibrosis. Tubular hypoplasia 
represents a failure of the tubules to enlarge 
during puberty; the seminiferous tubules are 
lined only with spermatogonia and immature 
Sertoli ceils. This biopsy finding is potentially 
consistent with conditions such as 
hypogonadotropic hypogonadism, wherein 
the appropriate androgen-induced pubertal 
change in the testis is absent. 


Basement membrane hyalinization refers 
to concentric thickening of the inner basement 
membrane, as evidenced by deposition of 
hyaline (an acellular proteinaceous material 
that is eosinophilic on H&E staining). This 
process can range from "minimal" to 
"complete," with complete replacement of the 
germinal epithelium and tubular lumen. 
Severe and diffused hyalinization is termed 
tubular sclerosis, this biopsy finding can be 
consistent with conditions such as 


hypergonadotropic hypogonadism and hyper- 
estrogenism. Some degree of tubular sclerosis 
is normal in the testis of aging men, possibly 
as a result of arteriosclerosis. 


Germinal epithelium 


The germinal epithelium of the 
seminiferous tubule is composed of germ cells 
in various stages of development 
(spermatogonia, spermatocytes, spermatids) 
and Sertoli cells. In the infertile patient, 
changes in the appearance and number of 
these cells are characteristic. Typically defined 
patterns of change include hypo- 
spermatogenesis, maturation arrest, germinal 
cell aplasia, and end-stage changes. 


Hypospermatogenesis or germ cell 
hypoplasia is simply a reduction in the num- 
ber of germ cells seen per seminiferous tubule; 
it can be characterized as mild, moderate, or 
severe. 


Hypospermatogenesis by definition 
implies that a consistent proportion of germ 
cells is observed at each stage of development 
A disproportionate number of early-stage 


germ cells (spermatogonia or primary 
spermatocytes) is instead consistent with 
maturation arrest. 

Maturation arrest is simply the 


failure of spermatogenesis to proceed beyond 
a certain stage. Both "early" and "late" 
maturation arrest are well defined, with “late” 
maturation arrest defined as the absence of 
round spermatids or later stages. Clinically, 
"late" maturation arrest often correlates with 
normal or high-normal FSH. while "early" 
maturation arrest is often associated with a 
frankly elevated FSH. 


Germinal cell aplasia, or Sertoli-cell- 
only syndrome, is defined by a total absence 
of germ cells at any stage. This condition can 
be brought about by any number of 
gonadotropic insults, including chemotherapy, 
radiation, or other toxicants. In some patients 
with primary infertility, this diagnosis is made 
on biopsy and theoretically represents a failure 
of gonocytes to migrate to the gonadal ridge 
embryonically. 


End-stage change implies a total absence 
of germinal epithelial cells, with associated 
tubular sclerosis and peritubular fibrosis. 
This condition, clinically associated with 
elevated FSH and LH and testicular atrophy, 
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can be associated with many well-known 
causes of male infertility, including long-term 
steroid abuse and Klinefelter syndrome. 


Malignancy 


The incidence of testicular cancer in 
patients presenting for workup of infertility is 
reported to be as high as 1.1%, and patients 
with testicular cancer are known to have 
poorer baseline semen parameters pre- 
treatment. Testicular cancer has a peak 
incidence in patients aged 20-34 years. 


Intra-tubular-germ cell neoplasia 
(ITGCN), also called pre-invasive testicular 
intraepithelial neoplasia (TIN) as a 
premalignant lesion is discussed here because 
of its unique relationship with infertility and 
the higher likelihood of finding it on biopsy 
than of finding frank testis cancer, which is 
more typically associated with a palpable 
testis mass. 


ITGCN was first described as carcinoma 
in situ of the testis. Histologically, the tumor 
is defined by an intact basement membrane 
lined by Sertoli cells and malignant- 
appearing germ cells as characterized by 
nuclear polymorphism. ITGCN is associated 
with progression to invasive testis cancer; as 
many as 50% of patients with ITGCN 
progress to invasive disease within 5 yean. It 
is commonly thought to act as a precursor 
lesion for all forms of testis germ cell cancer 
with the exception of spermatocytic 
seminoma. 


Importantly, even higher incidences of 
ITGCN are described in patients with a history 
of cryptorchidism (2-8%) or contralateral 
testis cancer (5.5%). Given that both these 
conditions are associated with infertility, the 
likelihood of identifying ITGCN on testis 
biopsy is even higher in the infertile cohort 
than in the general population. There is no 


clear-cut treatment algorithm for this 
condition, and acceptable treatment options 
include observation, radiation, and 


orchiectomy. Obviously, an awareness of this 
condition and the ability to recognize it on 
biopsy is vitally important in the proper 
management of the infertile patient. 

Scoring schema 


A standardized, reproducible, and 
objective grading system depends upon a 
number of features. 


Commonly, an assessment of 
morphometric features (tubular diameter and 
basement membrane thickness) and/or cellular 
features (numbers of cells and types of cells 
seen in each field) is used to create a 
quantitative description of a biopsy specimen. 


The two most widely recognized scoring 
schema are those of Silber and Rodriguez- 
Rigau and Johnsen. The Johnsen scoring 
system, which is the most commonly used 
method for scoring testicular biopsy, is 
predicated on the premise that increasing 
degrees of testicular damage result in 
successive depletion of cell types from most 
to least mature. Tubules are thereby scored on 
a scale from 1 to 10, based on the most 
mature cell type observed; a score of 10 
represents intact spermatogenesis while a 
score of 1 indicates the absence of all germ 
cells and Sertoli cells. Leydig cells are scored 
on the basis of presence or absence of normal 
numbers of cells plus hyperplasia. 
Importantly, Johnsen's criteria were validated 
in a series of 352 biopsies of patients with 
known diagnoses ranging from Klinefelter 
and Sertoli-cell-only to proven fertility (Table 
55.1). Mean scores in patients with 
Klinefelter syndrome were 1.25, for example. 
This is in comparison to a mean score of 9.38 
in biopsies taken from proven fertile controls. 


The ultimate importance of a scoring 
system depends upon its ability to 
differentiate clinically meaningful conditions 
within the testis, such as maturation arrest, 
from hypo-spermatogenesis with contributing 
partial epididymal obstruction No consensus 
regarding a particular scoring system has 
been reached, and the clinical utilization of 
scoring systems is limited in the United 
States at present. There is continued usage of 
Johnsen's scoring schema in Europe, 
however. 


Table 55.1: Mean score counts in 352 patients 
reported by Johnsen. 


Clinical/pathologic diagnosis Mean score 


Normal testis 9.38 
Eunuchoid testis 3.80 
Acquired hypopituitarism 6.09 
Klinefelter syndrome 1.25 
Sertoli-cell-only syndrome 2.00 
Severe hypo-spermatogenesis 5.32 
Moderate hypo-spermatogenesis 7.80 
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Indications for biopsy in the evaluation of 
the infertile male 


Introduction 


Indications for testicular biopsy are 
summarized in Table 55.2. According to the 
European Association of Urology (EAU) 
guidelines, a therapeutic testicular biopsy (for 
testicular sperm extraction, TESE) is indicated 
(1) in the case of obstructive azoospermia 
(OA), indicated by normal testicular volume, 
normal FSH (<7IU/I), and low levels of 
epididymal (a-glucosidase, L-carnitine) or 
seminal vesicle (fructose) markers with no 


chance for surgical reconstruction (e.g., 
congenital bilateral aplasia of the vas 
deferens). Alternatively, microsurgical 


epididymal sperm aspiration (MESA) can be 
applied. However, sperm obtained by TESE 
show better fertilization rates. In the case of 
microsurgical refertilization (vasovasostomy, 
vaso-tubulostomy), after vasectomy a 
diagnostic biopsy helps lo exclude impairment 
of seminiferous epithelium. In both cases, 
cryopreservation allows the use of extracted 
sperm (TESE, MESA) in combination with 
intracytoplasmic sperm injection (ICSD, if 
microsurgical refertilization techniques are not 
applicable or fail. 


A therapeutic biopsy is (2) indicated in 
the case of non-obstructive azoospermia 
(NOA), either normo-gonadotropic (FSH <7 
IU/l) or hypergonadotropic (FSH >7IU/l) 


azoospermia. The latter indicates focal 
impaired spermatogenesis, associated with 
total or focal Sertoli-cell-only syndrome 


(SCO). In these cases, TESE of remaining 
focal areas of spermatogenesis within the 
testis in combination with ICSI/IVF is the only 
rational therapy. Testicular tissue is always 
cryo-preserved for later use in ART (EAU 
Guidelines 2007). 


A diagnostic biopsy is (3) indicated lo 
exclude pre-invasive testicular intraepithelial 
neoplasia (TIN) in the case of inhomogeneous 
testicular ultrasonography  (microlithiasis). 
Biopsy of the contralateral testis is indicated 
when testicular germ cell cancer is clinically 
evident, because contralateral TIN is reported 
to have a prevalence of about 5-6% in 
testicular cancer patients. In addition, about 2- 
4% of men reveal TIN in the case of adult 
cryptorchidism. 


Table 55.2: Indications and consequences of testicular histology. 


Indications Clinical findings 


Clinical relevance 


Infertility 


Non-reconstructable obstructive 


azoospermia 


Hypergonadotropic azoospermia 


Obstructive azoospermia 


Sonographic microlithiasis 
TIN 


Adult cryptorchidism 


TIN 


Presence of testicular 
germ cell tumor 


Histological evaluation to exclude 


Histological evaluation of 
spermatogenesis and exclusion of 


Histological evaluation to prove or 
exclude TIN in contralateral testis 


Decision on TESE and ICSI 
procedures 

Decision on TESE and ICSI 
procedures 

Excluding testicular pathology 
Early prevention of testicular tumor 
development 

Decision on TESE/ICSI procedures 
and early prevention of testicular 
tumor development 


Early prevention of secondary 
testicular tumor development in 
contralateral testis 


Therapeutic biopsy may also be indicated in 
(4) azoospermic Klinefelter patients, because 
spermatogenesis, even at a very low rate, 
might occur, leading to successful TESE and 
ICSI. 


Azoospermia 


Testicular biopsy is indicated 
therapeutically in patients with azoospermia 
using micro-dissection TESE to recover 
sperm that may be used for IFV/ICSI with 
varying degrees of successes in patients with 
non-obstructive azoospermia (high FSH 
and/or abnormal karyotype as Klinefelter 
syndrome) and better results in patients with 
obstructive azoospermia (normal FSH, 
normal-sized testes and normal 46,XY 
karyotype with an intact Y chromosome). 


Oligospermia 


Patients with severe oligospermia and 
high FSH have sperm in their semen that may 
be used for ICSI without need for testicular 
biopsy. Patients with severe oligospermia and 
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normal FSH may show normal 
spermatogenesis on biopsy denoting partial 
obstruction and may be treated surgically. 


Malignancy/partial orchiectomy 


Rarely, the testis biopsy is performed in 
conjunction with a partial orchiectomy for a 
known testis tumor; this approach can be 
considered in patients who have bilateral 
synchronous tumors, tumor in a solitary 
testicle, or likely non-germ cell tumor (i.e., 
Leydig cell tumor). Several series have 
demonstrated this technique to be relatively 
safe when combined with adjuvant 
chemotherapy or radiation, depending on the 
pathology of the primary tumor. Obviously, 
in a group of patients for whom fertility is 
typically important (male patients aged 20- 
40) and in whom a higher likelihood of 


subfertility is well documented, partial 
orchiectomy as a fertility-preserving 
treatment for testis malignancy is an 


important concept. 


Section 9: Diagnosis of male infertility 


Chapter 56: The use of imaging in the diagnosis of 


male infertility 


Imaging for commonly identified 
causes in male infertility 


Varicocele 


Varicoceles are dilated testicular veins 
caused by reflux of blood. A "significant" 
varicocele is a clinical diagnosis, and a 
clinically palpable varicocele is graded 1, 2, or 
3 according to severity. Physical examination 
sometimes can be limited, thus hindering 
varicocele detection. This is obvious in 
patients with a thick scrotum, a history of 
previous surgery, or altered anatomy such as 
concomitant hydrocele. 


Various diagnostic studies have been used 
in an effort to maximize our ability to 
diagnose and/or to confirm a suspicious 
diagnosis of varicocele that is not clear by 
physical examination. These include color 
Doppler ultrasound (CDUS), which has now 
become the most reliable noninvasive test to 
detect non-palpable reflux. Other modalities 
not in common use nowadays due to their 
decreased sensitivity and/or specificity to 
diagnose varicocele are Doppler stethoscope, 
scrotal contact thermo-graphy, and radio- 
nuclide angiography. Spermatic venography is 
considered by many as the gold standard for 
varicocele diagnosis. 


At present, spermatic venography is 
performed either in the assessment of difficult 
or uncertain cases or, more commonly, before 
definitive treatment by venous embolization. 


CDUS has become the most frequently 
used imaging modality for varicocele 
detection. Ultrasound studies of spermatic 
veins have suggested that the presence of 
multiple large veins (> 3mm) and reversal of 
blood flow with Valsalva maneuver indicate 
the presence of a varicocele. Some authors 


found that men who underwent 
varicocelectomy with the largest vein 
measuring over 3 mm had significant 


improvement in sperm counts and motility 
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compared with those with varicoceles less 
than 3mm. Preoperative ultrasound-measured 
reversal of flow during Valsalva (reflux) also 
predicted success of varicocelectomy. Some 
authors found no benefit in treating subclinical 
varicoceles. On the other hand, other authors 
found that the repair of right-sided subclinical 
varicocele resulted in significant improvement 
in seminal parameters in patients with clinical 
left varicocele compared to those in patients 
with left-sided varicocelectomy only. 


The detection of an isolated right-sided 
varicocele is rare and, if seen, warrants 
imaging of the abdomen and pelvis to rule out 
retroperitoneal mass. 


Epididymal obstruction 


This condition may account for 7-14% of 
cases of azoospermia or severe oligospermia. 
It can be congenital or acquired. At least 47% 
of otherwise healthy men with idiopathic 
epididymal obstruction had a cystic fibrosis 
transmembrane conductance regulator (CFTR) 
gene mutation. The diagnosis is suspected in 
severely oligospermic or azoospermic patients 
with a normal testicular volume, normal FSH 
level, and normal ejaculate volume with 
alkaline pH. Epididymal enlargement can 
sometimes be clinically palpated. 


Scrotal and transrectal ultrasound (TRUS) 
have been used to investigate epididymal 
obstruction. On scrotal ultrasound, the 
epididymis can have a hypo-echoic or hyper- 
echoic appearance corresponding to the 
sequelae of epididymitis. The epididymal tube 
can be dilated, with or without spermatocele. 
Dilation less commonly involves the efferent 
ducts or the rete testis. Therefore, imaging is 
of limited value when the epididymides are 
enlarged on palpation. Marked post-infectious 
sclerosis can mask this dilation. Similarly, in 
nonazoospermic patients, only ultrasound with 
high-frequency probes (10-14 MHz) can 
detect partial epididymal obstruction that can 
be the cause of hypo-fertility. On TRUS, the 


caudal junction of the vas deferens and 
seminal vesicles can be normal or show signs 
of chronic prostatitis. 


In clinical practice, epididymal 
obstruction is a diagnosis of exclusion, and 
imaging studies are not generally indicated. 
However, in certain circumstances ultrasound 
may aid in confirmation of a diagnosis. 


Congenital absence of the vas deferens 


Men with vassal or epididymal 
abnormalities, typically in combination with 
low-volume azoospermia, are at risk for cystic 
fibrosis (CF) gene mutations. If the vas 
deferens is not palpable, CF gene mutation 
testing is recommended. The most commonly 
encountered condition in this category is 
cystic fibrosis transmembrane conductance 
regulator (CFTR) gene mutation. Between 
50% and 82% of men with congenital bilateral 
absence of the vas deferens (CBAVD), and 
approximately 43% of those with congenital 
unilateral absence (CUAVD), will have at 
least one detectable CFTR gene mutation. 
Furthermore, 98% of men with CF present 
with CBAVD. 


CUAVD should not adversely affect 
fertility except when there is contralateral 
testicular pathology such as torsion, 
varicocele, or cryptorchidism. However, a 
partial contralateral Wolffian abnormality can 
be observed, with low-volume azoospermia. 


In CBAVD the diagnosis is established 
clinically by the absence of the two vasa 
defferentia on palpation. The semen volume is 
usually below 1 mL, with an acidic pH. 
Scrotal ultrasound may show dilation of the 
efferent ducts, with the head of the 
epididymis stopping abruptly at the junction 
of the body and tail. TRUS may show the 
absence of ampullae of vas deferens. Seminal 
vesicle (SV) abnormalities are observed in 
90% of cases. They can be absent bilaterally 
in approximately 40% of cases, while in the 
remaining 60% one or both vesicles are visible 
with variable ultrasonographic abnormalities 
(hypoplasia, vesicular cyst, calcifications, and 
hyper-echoic appearance). In 10% of cases the 
seminal vesicles are normal. MRI is helpful in 
tracing the vas in the pelvic region. 


Incomplete forms, with preservation of 
the body and tail of the epididymis or one 
seminal vesicle and its corresponding 
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ejaculatory duct, can be seen. These 
incomplete forms explain how the volume of 
semen can be only moderately reduced (1.5-2 
mL), the pH can be alkaline, and even one vas 
deferens can be palpated in rare cases of 
CBAVD. 


Renal ultrasound is routinely performed 
in the workup of congenital vasal agenesis. 
Some authors observed that renal agenesis is 
evident in about 11% of men with bilateral 
and 26% of infertile men with unilateral 
congenital absence of the vas deferens. 


Ejaculatory duct obstruction (EDO) 


Patients with ductal obstruction have 
azoospermia when obstruction is complete, or 
severe oligospermia if the obstruction is 
partial. Clinically, bilateral vasa deferentia are 
palpable in the scrotum, and, similar to 
CBAVD, are associated with small ejaculate 
volume with acidic pH, and little or no 
seminal fructose. The cause can be congenital 
or acquired. The most frequent congenital 
cause is compression by median cysts, 
followed by mega seminal vesicles in patients 
with adult polycystic kidney disease. Acquired 
causes include distal inflammatory stenoses of 
the ejaculatory ducts. 


Previously, vasography was commonly 
used to demonstrate seminal tract obstruction 
and to define the level of a block within or 
outside the vas, but the procedure is an 
invasive technique, is technically difficult, and 
in itself may result in damage to the vas 
deferens. The role of imaging is to identify 
and occasionally treat the cause of the 
obstruction. 


Median cysts 


These cysts are classified into two 
categories: those that contain semen and those 
that do not. The cysts containing semen are of 
Wolffian origin, and those that do not are of 
Miillerian or utricular origin and are the most 
frequent. While both can originate in the 
verumontanum or slightly proximal to it, 
Miillerian cysts often extend above the base of 
the prostate. Cysts of the utricle generally 
measure no more than 15mm on the long axis. 
They are strictly median, while extra-prostatic 
Miillerian cysts can be more laterally located 


in their extra-prostatic portion. Cysts 
containing semen originate in the ejaculatory 
ducts and have the same sonographic 


appearance, as non-Wolffian cysts. They are 
congenital but can be secondary to distal 
stenosis of the ducts. 


Median cysts are obstructive when they 
compress the ejaculatory ducts. This is often 
difficult to show by imaging, because dilation 
of the vesicles or vas ampullae is not the rule. 
Diagnosis of a compressive cyst is therefore 
based on clinical findings, i.e., azoospermia or 
severe oligospermia with reduced ejaculate 
volume. In selected cases, when TRUS fails to 
detect distension proximal to the cyst, dilation 
can be confirmed by MRI. 


Distal inflammatory 
ejaculatory ducts 


of the 


stenosis 


The diagnosis is suggested by TRUS if 
there is marked dilation proximal to the 
obstruction. Stones can be present in one or 
both ejaculatory ducts. A more proximal 
obstruction is likely to be associated with the 
distal obstruction if scrotal sonography or 
palpation shows dilated epididymides; this can 
be confirmed by puncture of the seminal 
vesicles under TRUS guidance and check for 
the presence of motile sperm, which indicates 
absence of a more proximal obstruction. 
Absence of motile sperm would indicate that 
azoospermia is not due to the distal 
obstruction alone. 


Selection of patients with an isolated 
EDO, without combined proximal obstruction, 
probably improves results of transurethral 
resection of the ejaculatory duct (TURED), 
which restores a normal sperm count in only 
20-60% of azoospermic patients. 


Mega seminal vesicles and functional causes 
of ejaculatory duct obstruction 


The obstruction in this rare condition is 
due to a disorder of seminal vesicle 
contractions. The atonic seminal vesicles can 
be seen in men with diabetic neuropathy. 
Patients with polycystic kidney disease can 
have mega vesicles. Diagnosis is established 
by vasography showing mega vesicles with no 
visible obstruction. 


Partial ejaculatory duct obstruction 


This condition can be difficult to 
diagnose. Clinically, patients present with 
oligospermia. Although there is no definite 
preoperative diagnosis test to prove partial 
EDO, the combination of a volume of 
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ejaculate less than 1.5mL and seminal vesicle 
enlargement (anterior-posterior diameter > 
15mm), along with roundish anechoic areas of 
seminal vesicles, has been suggested to be a 
reliable sign of partial EDO. 


Endoscopic treatment by TURED remains 
the only confirmatory test, and it can be 
therapeutic. Improvement of ejaculate volume 
and percentage of sperm count and motility 
can be seen in approximately 60% of cases. 
However, a complete EDO can occur in 4% of 
cases following ED resection. 


Cryptorchidism 


History of Cryptorchidism (undescended 
testis) is a definite cause of hypo-fertility. This 
condition is also associated with a 14-times 
increased risk of subsequently developing a 
testis tumor; 7-10% of patients with a 
testicular tumor have a history of undescended 
testis. Patients with bilateral undescended 
testis and unilateral testicular carcinoma have 
an increased risk of testicular tumor in the 
remaining testis. Early detection of testicular 
tumor is the goal of scrotal ultrasound in 
these patients. 


Ultrasound is particularly useful in 
localizing the inguinal undescended testis but 
is more limited in detecting intra-abdominal 
testis. Intra-abdominal testis is frequently 
atrophic and obscured by overlying structures 
during ultrasound. Among other imaging 
modalities, MRI is considered advantageous 
for detecting intra-abdominal testis, and it 
avoids the ionizing radiation associated with 
CT scans. 


Other conditions 
Scrotal masses 


It has been suggested that infertility, testis 
cancer, undescended testis, and hypospadias 
are part of the testicular dysgenesis syndrome 
that result from disturbed prenatal testicular 
development. In one series testicular tumor 
was detected in 7.5% of azoospermic males , 
and others found a 20-fold greater incidence of 
testicular cancer in infertile men with 
abnormal semen analysis than in the general 
population. 


The initial determination of a scrotal 
mass as intra-testicular or extratesticular is 
important. Malignant extratesticular masses 
are rare, whereas intratesticular solid masses 


must be considered malignant until proved 
otherwise. Ultrasound is extremely sensitive in 
detecting scrotal masses. The most common 
extratesticular scrotal masses include 
inguinal hernias, hydrocele, epididymal 
masses, and varicoceles. Hydrocele is a fluid 
collection between the testis and the tunica 
vaginalis, and generally not related to male 
subfertility. Cystic masses of the epididymis 
include the simple epididymal cyst and the 
often larger, multilocular spermatocele. Most 
epididymal cysts involve the head of the 
epididymis, but they can also involve the 
epididymal tail or body. Spermatoceles 
contain spermatozoa, whereas epididymal 
cysts contain clear fluid. Ultrasound cannot 
dependably differentiate between these two 
entities. Epididymal solid masses are usually 
adenomatoid a benign tumor that is 
considered the most common para-testicular 
tumor. These tumors are believed to arise from 
the mesothelium. Surgical intervention for 
epididymal masses is not recommended unless 
they are growing, symptomatic, or causing 
infertility, which is seen rarely when the mass 
causes tubular obstruction. If palpated, scrotal 
ultrasound is indicated to rule out an 
associated testicular mass. 


Malignant germ cell tumors constitute 
90-95% of intratesticular primary tumors. 
Their appearance on ultrasound is variable, 
usually as a hypo-echoic hypervascular lesion. 


Seminoma is the most common cancer 
of the testis in adults and the most common 
tumor associated with cryptorchidism. On 
ultrasound they may appear as hypo-echoic 
round masses with areas of necrosis. 
Embryonal cell carcinoma is also hypo- 
echoic but it is more non-homogeneous, less 
defined on ultrasonography because of cyst 
formation and hemorrhage, and may contain 
areas of calcification. On ultra-sonography, 
teratomas appear as hypo-echoic masses and 


commonly have _ foci of increased 
echogenicity due to calcifications. Cystic 
components are also common. 


Choriocarcinomas are rare small tumors that 
usually are associated with calcifications and 
bleeding, which gives them a heterogeneous 
appearance on ultra-sonography. 


Lymphoma is one of the most frequently 
seen testicular tumors in older men. It is the 
most frequent bilateral testicular neoplasm, 
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accounting for to 7% of testicular 
neoplasms. The second most frequent 
testicular metastatic cancer is leukemia. The 
ultrasonographic appearance of lymphoma and 
leukemia is generally that of a hypo-echoic 
mass with or without testicular enlargement, 
and the testicular contour is generally 
preserved. Leydig and Sertoli cell tumors are 
gonadal stromal tumors. They are hypo-echoic 
on ultrasonography and typically benign. They 
commonly have cystic areas and cannot be 
differentiated from malignant lesions on 
ultrasonography. 


up 


Intratesticular cysts include cysts of the 
tunica albuginea, tubular ectasia of the rete 
testis, and testicular cysts. They have the 
typical appearance of other cysts: well-defined 
anechoic structures with increased through- 
transmission. Evaluation of the wall for solid 
components to exclude a cystic neoplasm must 
be performed carefully. Tubular ectasia of the 
rete testis is a benign entity that is important to 
identify on ultrasonography, because it can be 
confused with a tumor, leading to unnecessary 
intervention. Ultrasonographic findings are 
those of hypo-echoic branching cystic 
configurations in the mediastinum testis. 
These findings may be associated with a 
spermatocele visualized in the same testes. 
Tubular ectasia tends to occur in an older 
group than does malignancy and is frequently 
bilateral. The etiology is thought to involve 
infection or trauma. 


Diagnostic ultrasound and MRI are 
highly sensitive for detecting intratesticular 
masses, but their specificity is low. 
Consequently, imaging modalities are unable 
to differentiate benign from malignant 
lesions using appearance or size criteria, and 
exploratory surgery is still the only way to 
exclude malignancy by a histopathological 
analysis. 


Testicular microlithiasis (TM) 


TM is characterized by the presence of 
numerous punctate calcifications within the 
testis. The calcifications arise from 
degeneration of the cells lining the 
seminiferous tubules. This condition can be 
observed in 1/125 of testicular biopsies, Up 
to 23% of patients with TM consult for hypo- 
fertility. TM is 10 times more common in 
patients with history of undescended testis. 


Scrotal ultrasound is diagnostic. 
Typically, there are small echogenic foci (1- 
2mm large), uniformly distributed in the testis, 
and bilaterally, in most cases. Investigators 
found no higher risk of developing testis 
cancer in patients with TM. Similarly, there is 
no definite proof that TM by itself can cause 
hypo-fertility. 


Pituitary adenoma 


It is estimated that 10% of all intracranial 
tumors are pituitary adenomas but are too 
small or endocrinologically inactive to be 
detected clinically. Prolactin-producing 
adenomas, a cause for male and female 
infertility, account for 70% of all pituitary 
adenomas. Imaging, technology, in particular 
cranial MRI, enables accurate diagnosis and 
localization. 


Renal disorders 


Unilateral renal agenesis can be 
suspected in cases of CBAVD or CUAVD. 
Similarly, polycystic kidneys can be associated 
with epididymal (18%) and seminal vesicle 
cysts (39%). Renal ultrasound should be 
performed routinely at the time of TRUS when 
such cystic findings are identified. 


Use of imaging for treatment 
guidance 


Imaging techniques can be used to treat or 
to guide therapy in some cases of male 
infertility. 


Image-guided treatment of obstructive 


conditions 


In obstructive azoospermia, TRUS can be 
used to guide median cyst puncture and 
seminal vesicle aspiration in cases of 
suspected ejaculatory duct obstruction (EDO). 
TRUS-guided echo-enhanced seminal 
vesiculography in combination with TURED 
is considered the best imaging method when 
treating EDO. With this technique the 
ejaculatory ducts and level of obstruction can 
be located successfully and the operator is able 
to direct the incisional line with real-time 
TRUS and hence maximize accuracy and 
minimize possible complications. Direct 
vesiculography and image-guided balloon 
placement and ejaculatory duct dilation have 
also been described. Such balloon dilation is 
particularly suited to those with partial 
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obstruction or extra-prostatic obstruction. 
TRUS or endorectal MRI can be used to 
assess the distance between the posterior wall 
of the prostatic urethra and the wall of the 
ducts before undertaking TURED. 


Percutaneous of 


varicocele 


angio-embolization 


Angio-graphically guided embolization of 
the testicular veins frequently is used to treat 
varicoceles. The procedure typically is 
performed with the patient under local 
anesthesia with or without conscious sedation. 
Venous access is obtained by puncturing the 
right common femoral vein under ultrasound 
guidance; the jugular vein offers an alternative 
route of access. With a coaxial system, a 5 F 
sheath is placed into the common femoral 
vein. A 5 F catheter and hydrophilic guide- 
wires are then advanced into the inferior vena 
cava (IVC) and the renal vein on the left or, 
occasionally, directly into the testicular vein 
on the right as it enters the IVC. Access to the 
right renal vein may be difficult in some cases, 
necessitating the use of an angled catheter or 
eventually access via the internal jugular vein. 
Occasionally the basilic vein may be used as 
an access point. The catheter is advanced into 
the testicular vein over the guide-wire. 
Contrast medium is then injected and images 
obtained. Limited images should be obtained 
over the testes due to their sensitivity to 
ionizing radiation. Subsequent occlusion is 
accomplished with sclerosing agents or via 
embolization using coils or detachable 
balloons. Coils are usually deployed starting 
distally at the level of the inguinal ligament 
and progressing proximally. Coil migration is 
rare and usually is related to coil release too 
near to the renal vein. Sclerosing agents such 
as sodium tetradecyl sulfate, hypertonic 
glucose solution, or biological glue may also 
be used for embolization. If used, it is 
imperative that reflux into the pampiniform 
plexus be prevented by external pressure at the 
inguinal crease before the sclerosant is 
injected. Thrombosis of the pampiniform 
plexus by the sclerosing agent is possible, and 
although it occurs in less than 5% of patients it 
is troublesome and requires treatment with 
anti-inflammatory agents and antibiotics. 


Image-guided sperm retrieval 


Scrotal ultrasound can also be helpful to 
guide testicular sperm aspiration in 


azoospermic patients. Some authors evaluated 
39 azoospermic men who underwent testicular 
sperm aspiration, 16 under sonographic 
guidance and 23 with no imaging guidance. 
The ultrasound group had fewer complications 
and more successful retrievals, although no 
difference was found between the two groups 
in pregnancy rate. Similarly, the testicular 
vascularity index distribution obtained by 


[466] 


scrotal power Doppler ultrasound can be used 
to predict sites with the greatest potential for 
spermatogenesis for sperm retrieval during 
microscopic testicular sperm extraction 
(micro-TESE). This technique is based on the 
hypothesis that spermatogenesis is more likely 
to occur in regions that are well perfused with 
oxygenated blood. 


Section 9: Diagnosis of male infertility 


Chapter 57: Cytogenetic and molecular genetic 


investigations 


Introduction 


Male infertility and hypogonadism may 
be caused by a genetic defect, which should be 
investigated by cytogenetic or molecular 
genetic analysis. The main indications for 
genetic testing in Andrology are azoospermia 
and severe oligozoospermia. In selected cases 
of hypogonadotropic hypogonadism and 
Kallmann syndrome, especially those with an 
evident familial component, mutation 
screening of the known genes may be 
indicated. Even if detection of a genetic 
alteration will not substantially change the 
treatment, genetic testing should be 
performed for two reasons: (1) to finalize a 
causal diagnosis, and (2) to assess the genetic 
risk for the offspring in case of successful 
treatment. 


The main genetic tests in Andrology are; 
(1) karyotype analysis and other cytogenetic 


analyses (e.g., fluorescence in situ 
hybridization: FSH); (2) analysis of 
microdeletions of the Y chromosome by 
polymerase chain reaction (PCR); (3) 


sequencing of selected genes. 
Cytogenetic investigations 


The haploid set of chromosomes resulting 
from the first meiotic division numbers 23 
chromosomes. The somatic cells as well as the 
spermatogonia and oogonia have a diploid set 
of chromosomes (2n 46). In the human, 
most genes are located on the chromosomes of 
the cell nucleus (nuclear genome), however, 
some genes are found in the mitochondria 
(mitochondrial genome). The human haploid 
genome consists of three billion base pairs, of 
which only about 1% consists of coding 
sequences, and contains 25,000-30.000 genes. 
In contrast, the number of proteins resulting 
from alternative splicing is markedly higher. 
The nuclear genome consists of single and 
repetitive sequences. The single segments 
contain coding sequences, regulatory 
sequences as well as spacer DNA between 
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regulatory sequences and promoters. The 
repetitive sequences contain satellite DNA. 
retroposons, endogenous retrovirus-DNA and 
transposons. Satellite DNA is characterized 
according to site of the tandem-like repetitive 
units into macro-satellites (hundreds to 
thousands of base pairs), mini-satellites (15- 
100 base pairs) and microsatellites (up to four 
base pairs). 


The human genome shows extraordinary 
variability, of which the following variations 
can be distinguished: 


e Single nucleotide polymorphisms (SNP) 
consist of exchanges between nucleotides 
which may be localized within or outside a 
gene. 


e Variable numbers of tandem repeats (VNTR) 
based on alterations in the number of 
repetitive sequences. 


e Copy number variations (CNV) based on 
deletions or duplications of DNA sequences, 
which may be as long as several million base 
pairs. 


Conventional cytogenetic methods (Karyotyping) 


The choice of methods for cytogenetic 
diagnosis depends on he size of the alterations 
which are to be investigated. 


The chromosomes are best detected 
during the metaphase, because the 
chromosomes have maximal condensation 
during this phase. For routine investigations 
typically lymphocytes are isolated from a few 
milliliters of heparinized blood. Mitotic 
division is stimulated by the mitogen 
phytohemaglutinine. After 72h a maximum of 
cell divisions is generally achieved. In order to 
arrest these cells in the metaphase the spindle 
toxin colchicin is added. Consecutive 
treatment with hypotonic salt solution allows 
the chromosomes to be spread and fixated 
with a mixture of acetic acid and methanol. 
This suspension is placed drop-wise on a slide 


and the chromosomes can be visualized after 
staining, usually at 1.000x magnification. 


The most frequently used banding 
technique is the GTG staining method (G 
banding after treatment with trypsin and 
Giemsa staining), which allows identification 
of the chromosomes. The dark bands are rich 
in AT, show a high degree of folding and 
contain fewer genes than the light binds, 
which are rich in GC. Further staining 
techniques are Q, G, R, C, DA/DAPI and 
NOR. To establish the karyotype 
("chromosome formula”) appropriate 
melaphases are photographed or visualized by 
computer The chromosomes are then grouped 
according lo size, position of centromere and 
banding pattern (A to G as well as sex 
chromosomes), so that a karyogram emerges 
(Fig. 57.1). Conventional karyotyping is a 
time-consuming process that cannot yet be 
automated and requires great experience. 


The description of a karyotype follows an 
internationally uniform system (International 
System for Cytogenetic Nomenclature, ISCN, 
2005). First the number of chromosomes, then - 
separated by a comma - the constellation of the 
sex chromosomes (gonosomes) are designated 
and finally possible aberrations (deletions, 
duplications, translocations, invasions, 
insertions or marker chromosomes) are listed 
according to the nomenclature applicable. 


Cytogenic findings should include the 
number of cells analyzed, the staining methods 
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used, and the banding level achieved, At a 
minimum of ten metaphases the number of 
chromosomes should be identified. When a 
mosaic is suspected, more metaphases should 
be analyzed. Of the metaphases identified 
numerically, at least five should be analyzed 
structurally. The banding level is important for 
estimating to what extent structural aberrations 
could be identified by this investigation. In 
postnatal investigations a minimum of 
400/haploid genome is required as a minimum 
standard. For certain question, as for example 
in repeated miscarriages, a banding level of at 
least 550 should be ascertained. In 
conventional cytogenetic investigations 
deletions or duplications above a size of 5- 
10Mb (depending on localization) can be 
recognized. 


Fluorescence In-Situ Hybridization 


Fluorescence in-situ Hybridization (FISH) 
combines classic cyto-genetics with molecular 
genetic techniques and represents the basic 
method of molecular cyto-genetics. FISH is 
based on the ability of single-stranded, marked 
DNA sequences (probes) to bind selectively to 
single-stranded chromosomal regions 
according to the complementarity of base 
pairs. For this purpose chromosomal DNA is 
denatured and hybridized with DNA probes 
which were previously marked with 
fluorochrome. The fluorescing regions are 
then detected by a microscope fitted with 
appropriate filters. 
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Fig. 57.1: Karyogram of an infertile patient with Robertsonian translocation between chromosome 


13 and chromosome 14 (GTG staining). 
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FISH is being used increasingly as a 
supplement to conventional cytogenetic 
investigation for it has a higher resolution (up 
to 100 Kb) and can also be applied lo 
interphase nuclei (i.e., without previous cell 
culture). The choice of probes allows various 
questions to be asked, for which the following 
chromosomal regions can be specifically 
stained: 


e Detection of an entire chromosome. 
e Detection of a chromosome arm. 

e Detection of one or all centromeres. 
e Detection of sub-telomere regions. 


e Detection of any chromosome band or 
region, as the Human Genome Project can 
theoretically provide probes for all these 
regions. 


Recently further methods based on FISH 
have been developed. By 24-color 
karyotyping such as Multiplex-FISH (M- 
FISH) or spectral karyotyping FISH (SKY) all 
chromosomes are marked by “false color”. 
This multicolor hybridization plays a special 


role in identifying 
complex inter-chromosomal aberrations and 
creates strategies for fully automatic 
karyotyping. 


In comparative genomic hybridization 
(CGH) deletions and amplifications are 
established in a test DNA. The entire genomic 
DNA probe to be tested, e.g. from patient 
leucocytes are isolated, marked with a 
fluorochrome (e.g., green) and a reference 
DNA (from a healthy person) is marked with 
another fluorochrome (e.g., red). There 
follows a co-hybridization of both DNA 
probes using metaphases from a healthy 
person. In the absence of an unbalanced 
chromosomal disturbance, test and reference 
DNA will be equally hybridized so that the 
relationship of red to green will be balanced 
along all chromosomes. In the event of a 
deletion, the red-green ratio will favor red, in 
the case of an amplification, it will be shifted 
towards green. Even in experienced hands 
CGH is a demanding procedure. Its 
advantages are that cell culture is not 
necessary and the resolution process (about 


2Mb) is better than that of classical 
cytogenetics. 
Array CGH represents a further 


development of CGH. In contrast to the latter, 


[469] 


hybridization is not performed on metaphase 
chromosomes, but on defined DNA fragments 
which are fixated on an array, e.g., a glass 
slide. These DNA fragments can for example, 
be synthesized _oligo-nucleotides which 
represent the entire genome. By this procedure 
deletions or duplications of less than 100Kb 
can be detected and thereby the gap between 
classical cytogenetics and molecular genetics 
can be closed. 

Indications for chromosome analysis in 
Andrology 


Chromosome analysis is indicated in the 
following situations in reproductive medicine: 


1. Chromosome analysis should carried out in 
cases of disorders of sexual differentiation, as 
the results are necessary for diagnosis and 
possible therapy. 


2. In cases of male infertility caused by 
disturbed spermatogenesis. The frequency of 
chromosome aberrations is 6% on average in 
infertile men and is thus ten times mote 
frequent than in newborns. The probability of 


a chromosomal disturbance correlates 
inversely with sperm concentration. 
These chromosomal disorders are 


numeric aberrations of the sex chromosomes 
such as 47,XXY in the Klinefelter syndrome 
and structural aberrations such as 
translocations, inversions, insertions, ring 
chromosomes or marker chromosomes. It is 
especially important to identify patients with 
chromosomal disorders such as translocations 
or inversions as in the event of pregnancy 
(e.g., following ICSI), the likelihood of 
unbalanced chromosomes in the offspring is 
clearly increased. 


3. An indication for chromosomal analysis 
may also arise from the family history. This is 
e.g., the case when habitual miscarriages 
occur caused by a translocation. 


The indication for FISH arises when an 
expected chromosomal alteration, e.g., a 
microdeletion is not recognizable with 
conventional chromosomal analysis. 


Molecular genetic investigations 
Microdeletions of the Y chromosome 


The diagnosis of microdeletions is 
performed by PCR amplification of selected 
regions of the long arm of the Y chromosome. 
For this analysis a sample of decoagulated 


blood (EDTA or citrate) must be taken for 
genomic DNA extraction. Lack of PCR 
amplification suggests the presence of a 
microdeletion which should be confirmed by a 
separate PCR reaction based on different 
primers and following strict quality control 
rules. According to the current laboratory 
guidelines issued on behalf of the European 
Academy of Andrology (EAA) and the 
European Molecular Genetics Quality 
Network (EMQN) the method employed 
should be based on two multiplex PCR 
reactions using a limited number of robust and 
well-validated primers covering the three 
relevant AZF regions and including internal 
controls. It is estimated that this basic protocol 
for routine microdeletion screening is 
sufficient to detect over 95% of clinically 
relevant deletions. Commercial kits for routine 
diagnosis are available. 


Sequencing 


Direct DNA sequencing is performed 
when a mutation of a specific gene is 
suspected. A sample of decoagulated blood is 
sent to the laboratory for DNA extraction and 
analysis. The so-called  ‘dye-terminator 
sequencing’ can be performed in a single 
reaction, is rapid and can be automated and 
performed with computer-controlled sequence 
analyzers. Each sequencing reaction covers 
approximately 300-1,000 nucleotides, so large 
genes need several single reactions. 
Nevertheless, this method is relatively cheap 
and suitable for clinical routine. In a well- 
organized center, results of a sequencing 
reaction can be provided within a few days. 


Sequencing of the CFTR gene is 
indicated in case of obstructive azoospermia 
with congenital absence of the vas deferens 
and is routinely performed in genetic centers. 
Other genes, such as the KAL1, GNRHR and 
GPR54 can be analyzed m case of Kallmann 
syndrome or IHH but this analysis is 
performed in only few centers. 


Indications for genetic testing 


Currency a discrete genetic cause can be 


demonstrated in over 20% of patients 
presenting with azoospermia and severe 
oligozoospermia, 


who are mandatory candidates for genetic 
screening. Karyotype analysis is indicated in 
non-obstructive azoospermia, since 
chromosomal abnormalities are found in about 
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15% of such patients (mainly Klinefelter 
syndrome). Translocations are found in about 
3% of patients with severe oligozoospermia, 
who are also candidates for karyotyping, 
especially if assisted reproduction is planned. 


Patients with non obstructive 
azoospermia or severe oligozoospermia 
should be investigated for the occurrence of 
microdeletions of the Y chromosome, which 
represent one of the few well-recognized 
genetic causes of spermatogenetic failure 
resulting in male infertility. 


Patients who may be candidates for ICSI 
or TESE/ICSI should be offered screening 
for deletions of the Y chromosome because 
TESE should not be recommended in cases of 
complete deletion of the AZFa region, or 
complete deletion of AZFb or deletions of the 
AZFb+c regions. Moreover. microdeletions of 
the AZFc region are transmitted to the male 
offspring if assisted reproduction is 
performed. Therefore, the diagnosis of a 
deletion has prognostic value and can 
influence therapeutic options. In general 
microdeletion screening is indicated in 
patients with sperm concentration <I x 
10°/ml, a limit above which deletions are 
extremely rare. 


In case of obstructive azoospermia and 
congenital absence of the vas deferens, the 
CFTR gene should be sequenced. 


Several genes involved in the migration 
and function of GnRH neurones have been 
discovered which can be mutated in cases of 
isolated hypogonadotropic hypogonadism 
with or without anosmia. Search for mutations 
may be indicated in selected cases, especially 
in familial cases and considering the mode of 
inheritance. 


Genetic counselling 


Within the framework of reproductive 
medicine the following occasions arise for 
genetic counselling: 


Genetic clarification of male or female 
infertility or sterility. 


e Genetic clarification of disturbed sexual 


differentiation. 
e Genetic clarification of habitual miscarriage. 


e Genetic counselling about the risk for 
offspring following assisted reproduction. 


Section 9: Diagnosis of male infertility 


Chapter 58: Semen analysis 


Introduction 


Semen analysis is an important "gateway 
test" for evaluating male fertility. 


Semen analysis does not test for a solitary 
analyte but actually a panel of tests that 
measure many organ and gland Functions 
(Table 58.1), each requiring different 
technologies and skills. Semen is the 
composite product of fluids and cells from the 
testes and the male accessory glands, and 
contains primarily the following key elements: 


(1) a minute amount of clear mucoid 
secretions from the bulbourethral (Cowper's) 
glands that serve to lubricate the urethra and 
neutralize any residual acidic urine; 


(2) a small amount of acidic secretions from 
the prostate that contain zinc, citric acid, acid 
phosphatase, and prostate-specific antigen 
(PSA); 


(3) secretions from the cauda epididymidis 
and vas deferens that contain spermatozoa; 


(4) alkaline secretions from the seminal 
vesicles that constitute most of the semen 
volume and contain fructose, prostaglandins, 
and seminogelin proteins. 


Initial evaluation of semen 


Semen specimens usually are collected by 
masturbation into a wide-mouthed 
polypropylene container from a batch or lot 
tested for lack of sperm toxicity. Collection of 


semen into a nonlatex, usually Silastic, 
condom during coitus appears to yield a 
higher-quality sample, but this practice is used 
infrequently. Most references suggest that a 
period of 2-5 days of ejaculatory abstinence 
should precede semen analysis, but a recent 
study suggests that an abstinence of 1-2 days 
yields a specimen with better motility and 
morphology in men with oligospermia. 
Declines in all semen parameters, especially 
sperm morphology, were associated with 
abstinence prolonged for more than 10 days. 


Semen should be evaluated 60-90 
minutes after collection. Recording both the 
time the sample was collected and the time 
the sample analysis was initiated is essential. 
When samples are transported to a central 
laboratory, or when patients cannot collect 
the sample at the laboratory site, the elapsed 
time can exceed many hours. This practice 
should be avoided, but, if necessary, should at 
least be brought to the physician's attention 
on the analysis report. Sperm motility 
decreases significantly after three hours, and 
continues to decline over the nest 6-18 hours. 
If delays are inevitable, samples should be 
kept at room temperature, since exposure to 
refrigerator or body temperatures accelerates 
the decline in motility. Whenever possible, 
semen should be collected at the laboratory 
to permit observation immediately after 
collection and during liquefaction. 


Table 58.1: Characteristics measured by semen analysis. 


Parameter 


Characteristics or function 


Semen volume 

Coagulation 

Liquefaction 

Consistency (also known as viscosity) 
Sperm count 

Sperm motility 

Sperm maturity 

Sperm morphology 

Sperm viability 


Leukocyte concentration 


Fluid and protein products of male accessory glands 


Spermatogenesis, spermiogenesis, 


Inflammation or infection 
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Creating a private and comfortable 
environment for both collection and sample 
receipt improves patient experience. The 


amount of time the man spends on sample 
collection is correlated with arousal and 
better sperm quality. Most men experience 
some embarrassment in discussing their 
semen collection, and all personnel, from the 
receptionist to the receiving technologist, 
must put the patient at ease. The patient must 
understand that honesty about abstinence 
time and any collection difficulties is an 
important part of the semen evaluation. At the 
time of sample receipt the man should be 
asked when he last ejaculated, if the sample is 
complete, and if any portion was lost during 
collection. When this information is 
requested in multiple open-ended questions, 
the patient is more likely to give the true 
answer. 


After the sample is received, it must 
undergo liquefaction before analysis 
commences. Upon ejaculation, semen 
immediately coagulates into a semi-solid gel, 
primarily by the action of seminal vesicle 
semenogelin proteins. The proteolysis of 
semenogelin by PSA causes semen to liquefy, 
usually within 5-20 minutes, and thus loss or 
partial secretion of the first prostatic fraction 
during collection can cause incomplete 
liquefaction. The change from the coagulated 
to the liquid state should be evaluated at 30 
minutes and, if incomplete, at 60 minutes, by 
swirling the sample. Any residual gelatinous 
material or particles indicate incomplete 
liquefaction. Decreased motility can be a 
consequence, since intact semenogelin can 
immobilize sperm. 


After liquefaction, the semen is assessed 
macroscopically. An obvious, unpleasant odor 
should be noted, as it may indicate infection or 
excessive sample age. The normal color is an 
opalescent off-white. 


Routine measurement of pH is not 
necessary and provides no useful clinical 
information if sperm are present. 


In the case of low volume and complete 
lack of sperm (azoospermia), pH may give 
some indication whether the problem relates to 
dysfunction of the accessory glands as 
opposed to specimen loss during collection, 
but other tests using biochemical markers or 
ultrasound examination are more reliable. 
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Using a 5mL serological pipette gives a 
volume measurement that is reliable. 


Mixing a semen sample thoroughly is 
critical for accurate sperm counts, both 
initially and throughout each step of semen 
analysis. The liquefied sample should be 
pipetted into a conical centrifuge tube and 
vortexed at a medium speed for 2-3 seconds 
twice. During pipetting, volume can be 
measured and consistency (commonly referred 
to as viscosity) can be evaluated. If the sample 
leaves the pipette in drops, the consistency is 
normal; if it exits as a long strand or "thread," 
the consistency is high or abnormal. Samples 
with high consistency can be difficult to mix 
and pipette, and this should be noted to alert 
the physician that test results may be 
inaccurate due to unavoidable sample handling 
errors. Treatment of semen with chymotrypsin 
usually is effective in reducing the consistency 
and making the sample easier to process. 


Microscopic examination 


Next, the semen should be examined 
microscopically for the presence of bacteria, 
round cells, debris, agglutination (adherence 
of motile sperm to other sperm), or 
aggregation (adherence of sperm to other cells 
or debris). This can be accomplished by 
placing a drop or a 10 uL aliquot of the semen 
on a glass slide and coverslipping it to make a 
"wet preparation," or it can be performed at 
the same time as sperm counting if a chamber 
that does not require dilution is used (see 
below). Most semen contains a minor amount 
of debris, generally anucleate material smaller 
than a sperm head. Moderate to heavy debris 
should be noted. Bacteria may indicate 
infection if the concentration exceeds 
1000/mL, but can also represent 
contamination during sample collection, or 
colonization of the urethra. Sperm 
agglutination suggests the presence of 
antisperm antibodies. Enzymatic treatment 
can reduce agglutination and allow sample 
analysis. 


Round cells include leukocytes and 
immature germinal cells, which can be 
reported as an average number per 10-20 high- 
power (x40) fields or can be counted using 
phase microscopy. A peroxidase test can be 
used to detect polymorphonuclear neutrophils 
(PMN), but peroxidase staining will not detect 
non-PMN leukocytes such as macrophages 


and monocytes, which can account for half of 
total leukocytes. In a well-stained semen 
smear, PMNs can be identified easily by their 
multilobed nuclei connected by nuclear 
bridges and cytoplasmic granules not found in 
sperm precursor cells and other leukocytes. If 
enumerated as number of leukocytes, or 
specifically PMNs, per 100 sperm, the 
absolute number can be calculated from the 
total sperm count. The common thresholds 
for leukocytospermia are over I million total 
leukocytes per ml of semen or over 500000 
PMN/mL. Using the total leukocyte definition, 
approximately 10-20% of infertile men have 
leukocytospermia. Leukocytes are poorly 
associated with infection, with about 20% of 
specimens positive microbiologically, and 
commonly indicate an inflammatory response 
in the epididymis or prostate. Episodic 
leukocytospermia secondary to long distance 
cycling-induced acute epididymitis has been 
observed in sperm donors, and may occur 
chronically in competitive cyclists due to 
testicular trauma. Leukocytospermia is asso- 
ciated with poor sperm quality due to the 
production of cytokines, hydrogen peroxide, 
and reactive oxygen species. 


Manual sperm counting 


The best way to view sperm is with a 
microscope equipped with a 20x phase- 
contrast objective. Many clinical laboratories 
do not use phase-contrast and use a 10 x 
objective, making the procedure much more 
difficult. Adding phase optics to an existing 
microscope is a relatively inexpensive way to 
improve semen analysis. Optimizing 
microscope illumination and maintaining, the 
instrument are essential for good optical 
quality and specimen viewing. 


In order to quantify the cellular elements 
in semen, a counting chamber must be used. 
Several types are available. For many years, 
the hemocytometer was the only chamber 
available for sperm counting. However, the 
hemocytometer was not designed for semen or 
sperm counts, and using one generates a great 
deal of unnecessary labor and time spent, not 
to mention incorrect results. 


The better choice is to use counting 
chambers designed specifically for sperm 
counting. Sperm counting chambers have two 
advantages: they do not require dilution, 
eliminating the need for duplicate counts, and 
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they have a depth appropriate for semen (10- 
20 nm), which allows viewing of the motile 
and immotile sperm in the same focal plane. 
The Makler counting chamber, introduced in 
the late 1970s for semen analysis, is reusable 
but requires extremely careful loading and 
handling to produce reliable results. Using 
disposable chambers eliminates chamber 
cleaning, saving labor and inconvenience 
while at the same time providing a volumetric 
loading, which appears to increase counting 
precision. 


At least 200 sperm should be counted, 
which may require either examination of 
multiple fields in a chamber that uses an 
eyepiece reticule or multiple loads of 
chambers that have grids on cover glasses. 
Once the count of sperm within the chamber is 
completed, calculations must be performed to 
obtain the number of sperm per milliliter of 
semen. 


The total sperm output is a more relevant 
measure, and it depends on testicular size. 
Total sperm count has more meaning than 
concentration, and it is obtained simply by 
multiplying the concentration of sperm in the 
semen by the semen volume. 


Manual assessment of sperm motility 


Sperm motility testing is another area in 
which many mistakes are made and 
procedures are overly complicated and more 
time-consuming than needed. The three 
methods commonly used are shown in table 
58.2. 


The most common method for analyzing 
sperm motility is estimating the percentage of 
motile sperm in several microscopic fields and 
computing the average. Since this is almost- 
completely subjective, the accuracy and 
precision are poor. A more objective, but still 
difficult, method requires counting both the 
motile and the non-motile sperm, then 
calculating the percentage that are motile. If 
the sperm are moving very slowly and the 
sample has very few sperm, counting then can 
be performed without much problem. If the 
sperm are moving normally and quickly, the 
method is extraordinarily difficult to perform 
with any accuracy and precision. Since sperm 
swim randomly, it is difficult to determine 
whether a sperm at a given point in a chamber 
was counted previously before it reached a 


new location. Very rapidly moving sperm in a 
concentrated specimen are virtually 
impossible to count. 


An easier, much more objective and 
reproducible method for motility analysis can 
be used (Fig. 58.1). First, a small (~100 uL) 
aliquot of the well-mixed, liquefied sample is 
pipetted into a 1 mL micro-vial. The vial is 
incubated in a 56°C water bath for about five 
minutes to immobilize the sperm. While this 
incubation proceeds, the fresh semen sample is 
loaded into a counting chamber, and only the 
nonmotile sperm are counted. At the 
completion of the incubation period, the 
immobilized sample is loaded into a counting 
chamber, and the number of sperm is counted 
(this number is also the total sperm count). 
The difference between the two, the total 
number of sperm in the immobilized sample 
minus the number of non-motile sperm in the 
fresh sample, is the number of motile sperm. 
From these two numbers, calculations can be 
performed to determine the sperm 
concentration, total number of sperm in the 
ejaculate, percentage motility, and total 
number of motile sperm. Counting nonmoving 
sperm is easy and reproducible, within and 
among technologists. 


For decades, WHO and other references 
recommended that semen analysis should 
include a progressive motility score derived 


56° H,O 
5 minutes 
all sperm immobilized 


Count immobilized 
sperm (T) 


from counting motile sperm in separate 
progression categories-rapid, slow, and non- 
progressive. This difficult and time-consuming 
task requires discriminating the speed of 
movement of the sperm cells, either 
subjectively or more objectively, by counting 
the number of squares each sperm swims 
through during a given amount of time. An 
ability to take into account many variations in 
the sperm cells’ movements is essential, almost 
impossible for the human eye. As a 
consequence, many technologists simply look 
at the sample and estimate the progression 
subjectively. However, the objective motility 
method described above (Fig. 58.1) also can 
be used to discern slow and non-progressive 
from rapidly progressive sperm, based on the 
idea that slowly moving sperm can be counted 
more easily and accurately than rapidly 
moving sperm. For the fresh semen aliquot, 
one button of a multi-button tally is used to 
count non-progressive and slow-swimming 
sperm (those sperm that, do not move more 
than one square while counting across a row 
of squares), and the second button is used to 
count non-motile sperm. The immobilized 
aliquot is analyzed as usual. The difference 
between the non-motile, slow, and non- 
progressive sperm in the fresh sample and the 
total sperm in the immobilized sample is the 
number of rapidly progressive sperm. 


Count nonmotile 
sperm (NM) 


T-NM = motile sperm (M) 


M X 100 = % motile 


Fig. 58.1: Method for objective determination of sperm motility. 


Table 58.2: Comparison of sperm motility methods. 


Method Procedure Ease Accuracy Precision 
Estimate Estimate percentage of moving sperm Difficult Poor Poor 
Semi- Count moving and nonmoving sperm Difficult Poor Poor 
objective 

Objective Count nonmoving and immobilized sperm Easy Excellent Excellent 


Several other manual sperm count and 
motility assessment procedures are not worth 
the time and effort in most settings. Many 
facilities try to keep the semen sample at 37°C 
throughout the semen analysis, including 
microscopy. Since short-term percent sperm 
motility in semen is not noticeably affected by 
changes of temperature between room air and 
body temperature, this practice is unnecessary. 
However, sperm progression and kinematic 
measures (see Automation, below) are 
temperature-dependent, and are most relevant 
clinically when analyzed at 37°C. For clarity, 
the temperature of the analysis should be 
noted on the report. Measuring sperm motility 
at multiple times after collection is a 
completely time-wasting measure that yields 
no useful clinical information. 


Sperm viability 


Sperm viability testing typically uses a 
nuclear exclusion stain to determine whether 
non-motile sperm are alive and not able to 
move, or actually dead (necrosperrnia). 
Viability testing requires a very simple two step 
staining procedure, using eosin Y as the stain 
and nigrosin as a counterstain. The method is 
quick and easy to evaluate. Sperm that exclude 
the stain are alive and those that take up the 
eosin are dead. Both can be visualized well 
against the blue-black nigrosin counter stain. 


In a freshly collected sample, the 
percentage of motile and viable sperm should 
be similar, making viability a good check of 
motility. 


Sperm morphology 


The component of sperm morphology is 
one of the most predictive measures of fertility 
potential and therapeutic outcome. For an 
infertile couple, abnormal sperm morphology 
can suggest the next therapeutic step such as 
varicocele repair, in-vitro fertilization (IVF), 
or intracytoplasmic sperm injection (ICSI). 
Morphology also is an important measure of 
toxic exposure from environmental and 
occupational sources. Ironically, sperm 
morphology is probably the most confusing 
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component of semen analysis to perform and 
the most difficult part to interpret. 


The link between sperm morphology and 
fertility 


Normal sperm morphology has been 
shown to be positively correlated with sperm 
zona-induced acrosome reaction, tight 
sperm-zona pellucida binding, and ability to 
penetrate cervical mucus, and to be 
negatively correlated with leukocytospermia. 


A high percentage abnormal forms is 


associated with some conditions e.g. 
varicocele, any debilitating illness, 
gonadotoxic drugs (e.g. nitrofurantoin), 


psychological stress, hashish users and men 
exposed to heat. The prescence of a high 
number of sperm with cytoplasmic dorptets 
may indicate that inadequate sperm maturation 
has occurred, thereby suggesting a type of 
epididymal pathology. 

Strict morphology (i.e. > 14% normal 
sperm by strict WHO 4" edition) is a good 
predictor for success of IVF, ICSI and IUI. 


Morphology methodology 


The first step in sperm morphology is to 
make a good, even semen smear, not too thin 
and not too thick. 


To make the smear, a small drop of semen 
(approximately 10 uL) should be placed near 
the labeled end of the slide. Another glass 
slide is held at a45° angle to the smear slide 
and used to pull the semen slowly across the 
slide. The angle can be increased or decreased 
to make the smear slightly thicker or thinner, 
depending on the concentration of the sample. 
Ideally, the smear should immediately be fixed 
using a spray cytology fixative to reduce air- 
drying artifacts, dried thoroughly, and then 
stored in a dry place until stained. 


The best stain for semen smears and 
sperm is a modified Papanicolaou (Pap) 
stain, providing good clarity and color 
differentiation among the regions of the cell. 
Pap-stained smears also are stable over time, 
allowing later review. 


2-D IMAGE AS SEEN ON A STAINED 
CROSS-SECTIONAL IMAGE: SUDE: 


Fig. 58.2: Diagram of normal human sperm. 


After staining, the smear should be cover 
slipped and examined using a 100x oil 
objective with a 10x eyepiece. The head, 
midpiece, and tail of each sperm are separately 
evaluated (Fig. 58.2). If any of the three 
major structures is abnormal, the sperm is 
classified as abnormal. A single-key record is 
used in one hand to keep track of the number 
of sperm analyzed, while a multi-key record is 
used with the other hand to record normal, 
borderline abnormal, or abnormal. Depending 
on what information the ordering physician or 
study needs, the location of the abnormality 
(head, midpiece, tail) or type of abnormality, 
such as shape of head, size, etc., can also be 
determined and recorded. Al least 200 cells 
must be evaluated to ensure a statistically 
valid evaluation of the sample. 


Classification of sperm morphology 


Ideally, a classification scheme provides a 
standardized system that allows many 
observers to compare results, has clinical 
relevance, and relates in a meaningful way to 
fertility. Consistent classification of sperm 
cells among individual observers and across 
time has been difficult to achieve. 
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Why is sperm morphology so difficult to 
standardize and quantify? Unlike those of 
many other species, human sperm are 
extremely pleiomorphic in several respects: 
many subtle variations of normal exist, and 
many irregular and abnormal forms are 
present. The effect of this problem can be 
minimized with larger sample sizes of 200- 
500 cells but can be profound if too few cells 
are assessed. 


Over the last 50 years, five major 
published classification systems have used in 
wide clinical practice: MacLeod, WHO 
Manual 2™ edition, WHO Manual 3™ edition, 
ASCP, and Strict, described by Menkveld and 
Kruger and promoted in the WHO Manual 4" 
edition. Tables 58.3 and 58.4 summarize the 
main components of these five schemes in 
common use. 


Most classification schemes defined 
normal as an idealized sperm cell with an oval 
head (Fig. 58.2) and were validated by finding 
the ideal form prominently in ejaculates of 
men with proven fertility and relatively 
infrequently in those of infertile men. 


Table 58.3: Normal sperm morphology from common sperm classifications. 


ASCP McLeod 


WHO 2"! 
edition 


WHO 3" edition 


Strict/WHO 4" 
edition 


Normal reference > 80% normal > 60% normal 


> 50% normal 


> 30% normal 


> 14% normal 


range forms forms forms forms forms 
Head 
Shape Oval Oval Oval Oval Oval smooth 
border 
Acrosome 1/2-2/3 of head > 1/3 of head 40-70% of head 40-70% of head 
surface surface surface surface 
Size 4-5um long 3-5um long 4-5.5um long 4-5um long 
2-3um wide 2-3um wide 2.5-3.5um wide 2-3um wide 
(width = 1/2-2/3 — (length/width=1.5- 
length) 1.75) 
Vacuoles Not clear Not stated < 20% of head Up to 4 
area 
Midpiece 
Shape Not considered Straight, regular Straight, regular Slender, straight, 
outline Axially outline Axially regular outline 
attached attached Axially attached 
Size lum wide 5um < 1/3 head width, < 1/3 head width, < lum wide 
long 7-8um long 7-8um long length = 
1.5 x head length 
Cytoplasmic Considered to be < 1/3 head area < 1/2 head area 
droplet (CD) immature sperm 
Tail 
Shape Not considered Slender, Slender, uncoiled, Uniform size, 
uncoiled, regular regular outline uncoiled 
outline 
Width lum at base Thinner than 
0.1m at tip midpiece 
Length 50-55um long > 45um long > 45um long 10x head length 
The classification systems most abnormalities; and normal is defined very 


commonly used in fertility laboratories are the 
WHO 3" edition scheme and the strict criteria 
(adopted in the WHO 4" edition). 


The evolution of the major classification 
systems begins with John MacLeod. In the 
1950s, he organized the descriptions of 
previous observers into a method and 
nomenclature for classifying sperm based on 
head shapes. Normal was defined as an oval 
head, and abnormal forms were classified into 
five categories by their geometric shape. 
MacLeod correlated morphologic findings 
with fertility of many men. The MacLeod 
system was widely propagated and remains 
the basis for sperm morphology classification 
in most general pathology laboratories. Its 
utility is limited by several items: only head 
defects are categorized, which can result in 
classification of sperm as normal in spite of 
significant defects of midpiece or tail; only 
one defect is assigned per sperm, which can 
mask the presence of other significant 


[477] 


generously at 60-80%. 


The World Health Organization (WHO] 
published four editions of a manual on semen 
analysis in 1980, 1987, 1992, and 1999. Each 
edition of the WHO manual has discussed 
guidelines for morphology categorization and 
provided some photographs illustrating 
various sperm shapes. In the 1“ and 2™ 
editions, classification was described in a 
manner very similar to Macleod's, where each 
sperm was assigned a single defect, midpiece 
and tail defects also were added as category 
possibilities, with head abnormalities taking 
priority over midpiece over tail defects. 


In the 3% edition, the approach to 
classification changed. Instead of assigning 
each sperm a single defect, the manual 
recommended recording defects in each of the 
three main regions of the sperm, head, 
midpiece, and tail, and calculating the total 
number of defects as a percentage of 
abnormal, giving a more comprehensive 
description of abnormalities present. 


Table 58.4: Abnormal sperm morphology from common sperm classifications. 


ASCP McLeod WHO 2™ edition WHO 3" edition Strict/WHO 4" 
edition 
Head 
Acrosomal Megaloform Large Large Borderline abnormal: 
abnormality Small form Small Small slight deviation from 
Postacrosomal Tapering Tapering Tapering oval 
abnormality Amorphous Amorphous Amorphous Abnormal: 
Bicephalic Double Double Double acrosome<40% or > 
Paired Pyriform Pyriform 70% of head area 
Large head Pin Pin round head 
Small head Round Round small head 
Vacuolated Vacuolated tapered head 
double head 
large head diadem 
defect (vacuoles) 
Midpiece 
Abnormal size Abnormal size Abnormal size Borderline abnormal: 
Thickened Thickened Thickened slightly thick 
Bent tail Bent tail Missing tail Bent tail Abnormal: 
Missing tail CD present Missing tail abnormal length 
CD present CD present very thick 
bent tail 
missing tail 
CD present 
Tail 
Coiled tail Multiple tails Multiple tails Abnormal: all tail 
Curled tail Short tail Short tail defects 
Multi-tailed Broken tail Broken tail 
Variation in Hairpin Hairpin 
length Coiled tail Coiled tail 
Terminal Irregular width Irregular width 
droplet Terminal droplet Terminal droplet 
The 4™ edition of the WHO manual curvilinear velocity (um/s). Kinematic 
attempted to resolve some problems by measures have value in treatment outcome 


declaring 


that the 


strict 


classification 


developed by Menkvled and Kruger should be 
used. This classification has a good predictive 
value for fertilization by IVF, ICSI, and IUI. 


Automation 
Several types of automated semen 
analyzers are commercially available. In 


general, however, automation of semen 
analysis has failed to answer the needs of the 
clinical laboratory. Current technology is 
either too expensive and difficult to use or is 
not sufficiently robust to be useful. 


The oldest, most reliable technology is 
computer-assisted semen analysis (CASA). 


CASA instruments digitize the video 
image of some portion of the sperm, usually 
the head or its outline, and track its movement 
over many video frames. Proprietary 
algorithms analyze the tracks and calculate 
motile and non-motile sperm, and many sperm 
kinematic functions such as straight-line and 
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prediction. 


Unfortunately, the purchase price and 
steep operational learning curve of CASA 
instruments make them impractical and cost- 
prohibitive in most clinical laboratory settings. 
Reviewers estimate that less than 2% of 
clinical laboratories and less than 20% of 
andrology laboratories use CASA. However, 
CASA has proven valuable in toxicology, 
primarily by increasing the sensitivity of 
detecting changes in sperm kinematics or 
sperm morphometry associated with potential 
toxicants. 


Keeping in mind that semen analysis is a 
set of very different tests, it is difficult to 
create technology that can satisfy all 
parameters. At this time, semen analysis 
remains predominately a manual test. 


Semen analysis data 


These are presented in tables 58.5, 58.6, 
58.7. 


Table 58.5: Specimen documentation form. 


Name 

Code 

Date 

Collection (1, at laboratory. 2, at home) 
Collection time (hour: min) 

Sample delivered (hour: min) 

Analysis begun (hour: min) 

Patient 

Abstinence time (days) 

Medication 

Difficulties in collection 

Semen 

Treatment (e.g. Bromelain) 

Complete (1, complete; 2, incomplete) 
Appearance (1, normal; 2, abnormal) 
Viscosity (1, normal; 2, abnormal) 
Liquefaction (1, normal; 2, abnormal (min)) 
Agglutination (%) 

PH [>7.2] 

Volume (ml) [>1.5] 

Spermatozoa 

Total number (10° / ejaculate) [>39] 
Concentration (10°/ml)[>15] 

Vitality (% live) [>58] 

Total motile PR+NP (%) [>40] 

Progressive PR (%) [>32] 

Non-progressive NP (%) 

Immotile IM (%) 

Normal forms (%) [>4] 

Abnormal heads (%) 

Abnormal midpieces (%) 

Abnormal principal pieces (%) 

Excess residual cytoplasm (%) 

Direct MAR-Test IgG (%) (3 or 10min) [<50] 
Direct MAR-Test IgA (%) (3 or 10min) 1<50] 
Non-sper m cells 

Peroxidase-positive cell concentration (10°/ml) 
Accessory gland function 

Zinc (umol/ejaculate) [>2.4] 

Fructose (uml/ejaculate) [>13] 
a-Glucosidasc (neutral) (mU/ejaculate) [>20] 


Technician 
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Table 58.6: Lower reference limits for semen parameters. 


Parameter Lower reference limit (WHO 2009) 
Semen volume (ml): 1.5 
Total motility (PR + NP, %) 40 
Progressive motility (a+b, PR, %) 32 
Vitality (%) 58 
Total sperm number (10°/ejaculate) 39 
Sperm concentration (10°/ml) 15 
Sperm morphology (normal, %) 4 
Other consensus values 

PH 7.2 
Zinc (umol/ejaculate) > 2.4 
Fructose (umol/ejaculate) >13 
Neutral o-glucosidase (mU/ejaculate) > 20 
While blood cells (10°ml) <1 
MAR test (%) < 50 
Immunobead-test (%) < 50 


Table 58.7: Descriptive terminology of semen. 


Normozoospermia 


Oligozoospermia 


Asthenozoospermia 


Teratozoospermia 


Oligoasthenozoospermia 


Oligoteratozoospermia 


Asthenoteratozoospermia 


Oligasthenoteratozoospermia 


Cryptozoospermia 


Necrozoospermia 


Azoospermia 
Leukospermia 
Haemospermia 


Aspermia 


Total number or concentration of, and percentages of progressively motile 
and morphologically normal, spermatozoa equal to or above the lower 
reference limits 


Total number or concentration of spermatozoa below the lower reference 
limit 
Percentage or concentration of progressively motile spermatozoa below the 


lower reference limit 


Percentage or concentration of morphologically normal spermatozoa below 
the lower reference limit 


Total number or concentration of, and percentage of progressively motile, 
spermatozoa below the lower reference limits 


Total number or concentration of, and percentage of morphologically 
normal, spermatozoa below the lower reference limits 


Percentages of both progressively motile and morphologically normal 
spermatozoa below the lower reference limits 


Total number or concentration 'of, and percentages of both progressively 
motile and morphological by normal, spermatozoa below the lower reference 
limits 

Spermatozoa absent from fresh preparations but observed in a centrifuged 
pellet (3,000 g for 15 min) 


Low percentage of live, and high percentage of immotile, spermatozoa in the 
ejaculate 


No spermatozoa in the ejaculate 
Presence of leukocytes in the ejaculate (leukocytospermia, pyospermia) 
Presence of erythrocytes in the ejaculate (Hematospermia) 


No semen (no or retrograde ejaculation) 
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Section 9: Diagnosis of male infertility 


Chapter 59: Other laboratory tests 


Tests for antisperm antibodies 
Introduction 


There is considerable evidence that sperm 


antibodies impair fertility by blocking 
penetration of cervical mucus by 
spermatozoa, by interfering in the 


fertilization process, or possibly by exerting 
an embryo-toxic effect. 


It is also known that men with primary 
infertility have a higher incidence of antisperm 
antibodies in their serum and semen than do 
age-matched fertile controls. Under some 
circumstances, such as testicular trauma or 
vasectomy, the "blood-testis barrier" may be 
broken, thereby allowing the immune system 
to be exposed to a large number of sperm, 
facilitating the production of antisperm 
antibodies. 


Clinical relevance 


Immunologic phenomena are reported in 
association with infertility in 10-30% of 
unexplained cases. Before any treatment of 
unexplained infertility is initiated, the possible 
presence of antisperm antibodies should be 
investigated under the following clinical 
scenarios: 


(1) in couples 
postcoital tests; 


with repeated abnormal 


(2) when persistent infertility exists after 
vasovasostomy in association with normal 
sperm counts and motility; 


(3) when semen analysis is characterized by 
excessive agglutination of sperm (mainly tail- 
to-tail agglutination); 


(4) in cases of testicular trauma, torsion, 


maldescent and persistent pyospermia, or 
testicular biopsy; 
(5) when there is a genetic predisposition; 
(6) in cases of repeated genital infections. 
All such couples with idiopathic 


infertility should be adequately screened for 
antisperm antibodies. 
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Diagnostic tests 
Sperm immobilization tests (Isojima) 


These tests measure complement- 
dependent cytotoxicity and are highly specific 
for immunoglobulins. Therefore, false positive 
results are rare, while false negative results 
may occur. Single IgA antibodies may 
interfere with fertilization. 


Sperm agglutination tests (Franklin-Dukes, 
Kibrick, tray agglutination test) 


These tests depend on cross-linking of 
spermatozoa by multivalent antibodies. Non- 
immunoglobulin-mediated agglutination may 
lead lo false positive results. The number of 
sites for antigen binding varies with 
immunoglobulin class, so that large 
multivalent molecules such as IgM are more 
likely to give a strongly positive reaction 


Mixed agglutination reaction (MAR) 


This test uses a second antibody (e.g., 
rabbit antibody) that is directed against a 
human immunoglobulin class. The 
agglutination response is amplified by 
including human red blood cells that are also 
coated with human immunoglobulin. Thus the 
positive response involves the mixed 
agglutination of blood cells and sperm cells by 
the second antibody. The large size of the 
agglutinate limits the ability of the assay to 
determine the region of the sperm to which the 
antibody is bound, and restricts its utility in 
evaluating the percentage of antibody-bound 
sperm. It is a useful screening test for ASA 
and results should be confirmed with he IBT. 


Indirect immunofluorescence 


In this test, the second antibody is 
conjugated with a fluorescent label, and the 
number of antibody-bound sperm can be 
observed directly with a fluorescence 
microscope, along with the location of the 
bound antibody on the sperm surface. If the 
test is carried out after the sperm are air-dried, 
exposure of internal sperm antigens as well as 
surface antigens will occur. Exposure of 
internal antigens may lead to false positive 


results because these antigens may cross-react 
with antibodies to bacterial antigens that are 
not related to infertility. 


Enzyme-linked immunosorbent 


(ELISA) 


assay 


In these tests, the second antibody is 
linked to an enzyme that has reacted with its 
substrate to produce a color that can be 
measured photometrically. Either whole sperm 
or membrane extract are fixed to micro-titer 
wells, the second antibody is added, and the 
color reaction is developed. Preparation of the 
sperm cells may lead to exposure of internal 
antigens or loss of antigens, resulting in false 
positive and false negative results, 
respectively. 


Radio-labeled antiglobulin assay 


In this assay the second antibody is 
labeled with a radioisotope, usually aad 
protein G, as the radioligand, and the result is 
determined from the radioactivity (bound 
antibody) remaining in the washed sperm 
cells. This method allows objective and 
specific questions to be asked concerning IgG 
class antibodies. However, if both living and 
dead cells are assayed together, false positive 
results may occur because of exposure of 
internal antigens. A varying degree of false 
negative results is possible. Moreover, 
regional specificity of the antisperm antibody 
cannot be determined with this method. 


Immunobead rosette test (IBT) 


This immunobead test (IBT) is a 
technically simple assay that evaluates 
immunologic infertility by identifying the 
classes of antisperm antibodies and their 
binding sites on the sperm surface. The test 
uses polyacrylamide beads coated with anti- 
bodies against human immunoglobulins (Igs) 
to bind to antibody coated sperm. This test is 
one of the most informative and specific of 
all the assays currently available to detect 
antisperm antibodies. The test makes use of 
widely available, inexpensive reagents. The 
immunobeads are microscopic polyacrylamide 
spheres which carry covalently bound rabbit 
antibodies directed against human immuno- 
globulins. Immunobeads are commercially 
available, and are directed against whole 
human immunoglobulin (Ig) or against 
individual immunoglobulin classes (IgG, IgA, 
IgM). The second antibody is linked to 
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polyacrylamide beads that are smaller in size 
(approximately 2-10 urn) than the sperm cell. 
Sperm and beads are mixed, and the 
suspension is observed microscopically for 
agglutination of sperm and beads. By using 
beads coated with Ig-class-specific second 
antibodies, one can identify the different 
antibody classes involved (IgG, IgA, IgM). 
The capability to determine immunoglobulin 
class may be particularly useful in assessing 
fertility in males, since IgAs are considered lo 
be more detrimental than IgGs to sperm 
function. The immuno-bead test also identifies 
the location on the sperm cell (head, midpiece, 
tail) to which the antibody is bound. The rate 
of false positives is low with the immunobead 
test, but false negatives may occur. 


There are two ways to perform the 
immunobead test: 


(1) The direct method. This IBT can be 
performed directly to assess native antibodies 
on sperm by binding immunobeads lo the 
target sperm surface. This is the method of 
choice for assessing men who have adequate 
numbers of motile sperm in their semen. 


(2) The indirect method. This is performed 
after passive transfer of antibody from a body 
fluid (blood, serum, seminal plasma, cervical 
mucus, or follicular fluid) to donor sperm. 
Donor sperm that have been found to be 
negative for antisperm antibodies by testing 
previously by the direct method are used for 
the passive transfer method. Body fluids from 
both men and women can be evaluated in 
this manner. Because only a small sample of 
the fluid is needed for testing, the remaining 
aliquot may be stored for retesting or for 
comparison with another sample obtained at a 
later date. 


Data interpretation of IBT 
Lab results 


The endpoint in these tests is to determine 
the percentage of motile sperm that bind to 
immunobeads. 


The test is considered positive if > 20% of 
the motile sperm have > 2 attached beads. 


Depending on the region of the sperm to 
which the antibody is attached, different sperm 
functions may be affected. For example, 
antibodies attached to the sperm tail may 
hinder sperm motility and transport, and 


those attached to the head region could 
interfere with sperm binding to the zona 
pellucida or block, entry of the sperm into the 
ooplasm itself. In the presence of antisperm 
antibodies of the IgG and IgM classes, 
complement-mediated cell damage may 
reduce the longevity of these spermatozoa and 
thus reduce the sperm numbers that are 
available for upward migration to the site of 
fertilization. Antisperm antibodies could 
interfere with ion pumps or channels that 
regulate intra-cellular ion concentrations. It is 
possible that antisperm antibodies could also 
induce a premature and inappropriate 
acrosome reaction by promoting clustering of 
intra-membranous particles or through sub- 


lethal complement-mediated damage to 
sperm-head membranes. 
Clinical significance 

Initial clinical reports from in-vitro 


fertilization programs confirm that head- 
directed antibodies, particularly of the IgA 
class, can interfere with fertilization, likely 


through interference with  sperm-zona 
interaction. 
In a fertility clinic practice, the 


assessment of circulating antisperm antibodies 
by passive transfer to donor sperm (indirect 
assay) iS necessary in: 


(1) the workup of the female; 


(2) evaluation of men prior to vasectomy 
reversal; and 


(3) assessing the progress of therapy in men 
and women with immunologic infertility. 


The female partner should initially be 
tested by circulating antisperm antibodies in 
serum, Unlike low to moderate levels of sperm 
surface-bound antibodies, high levels of 
circulating antibodies may indicate severely 
reduced chances of successful treatment by 
IVF. If the patient has a positive indirect IBT 
for IgA-class antibodies in cervical mucus, 
associated with poor cervical mucus 
penetration results, but relatively low titer (< 
1/100) of circulating antibodies in serum, then 
the patient has a reasonable chance of 
conceiving by intrauterine insemination of her 
partner's semen or washed spermatozoa 
(assuming essentially normal semen quality). 
High-titer antibodies (> 1/1000) give a 
generally poor prognosis. 
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Advantages of IBT 


The test offers a number of advantages in 
both clinical and research studies: 


(1) This method has demonstrated the ability 
to identify the class of immunoglobulin (IgG, 
IgA, IgM) that can be associated with the 
sperm. 


(2) The anatomical location of the 
immunoglobulin on the sperm surface (head, 
midpiece, tail, or entire surface) can be 
determined. 


(3) The method requires no specialized 
equipment, makes use of widely available 
reagents, and it simple and very informative. 


(4) An IBT titer can be very useful for 
monitoring a patient's response to 
corticosteroid treatment For example, tail-tip 
antibodies do not significantly affect cervical 
mucus penetration or fertilization and often 
occur in fertile individuals. There is also 
evidence that antibody liter is correlated 
directly with the severity of sperm functional 
impairment and inversely with fecundability. 


Semen white blood cell assay 


Introduction 


Elevated concentrations of white blood 
cells (WBCs) in semen have been 
associated with genital tract infections and 
poor semen quality, including decreases 
in sperm concentration, motility, morphology, 
and DNA integrity. The World Health 
Organization (WHO) defines leuko- 
cytospermia as seminal WBC concentrations 
greater than 10°%mL. Elucidating the 
interaction between leukocytospermia and 
genital tract infections, and its potential role in 
infertility, depends on accurate assessment of 
WBCs in semen. Numerous techniques have 
been used in both research and clinical settings 
to detect seminal WBCs. 


Round cell counts 


The nonspermatozoal cells in the 
ejaculate comprise primarily either immature 
germ cells or WBCs and are collectively 
known as "round cells." Direct counting of 
round cells in wet mounts, visualized by 
phase-contrast microscopy, has been widely 
practiced. However, because WBCs cannot be 
distinguished from immature germ cells using 


this method, total round cell counts are of no 
value for approximating WBCs in semen. 


Bryan-Leishman or Papanicolaou stains 


The Bryan-Leishman and Papanicolaou 
stains, performed on semen smears, are 
intended to distinguish WBCs from immature 
germ cells. In particular, granulocytes can be 
differentiated from spermatids, and 
lymphocytes / monocytes from secondary 
spermatocytes. However, these techniques 
involve lengthy laboratory preparation and 
numerous steps, require a highly trained 
technician to ensure proper assessment of 
seminal round cells, and do not permit precise 
quantification of WBC. 


Peroxidase tests 


In 1974, Endtz described a simple 
peroxidase test for enumerating WBCs in 
semen. This method is now widely used, and a 
similar technique has been recommended by 
the WHO. Tests of peroxidase are easy to 
perform on wet mounts, and are quick, 
inexpensive, and reliable. These assays detect 
the peroxidase enzyme present in 
granulocytes, which are the predominant 
WBC in semen, and are important indicators 
of acute infection and inflammation. 
Peroxidase tests do not detect other WBCs, 
but because granulocytes represent 50-60% of 
all WBCs in semen, peroxidase-positive cell 
concentrations correlate with total WBC 
counts as detected by the more technologically 
sophisticated immunohistology or flow 
eytometry tests. For all the reasons stated 
above, the peroxidase assay has been 
determined to be the best method for the 
clinical detection of WBCs in semen at the 
present time. 


Test procedure 


The ejaculate is collected by masturbation 
into a sterile specimen cup after a minimum of 
48 hours of abstinence and liquefied for 30 
minutes. Twenty microliters of peroxidase test 
working solution are mixed with 20 uL of 
liquefied ejaculate and incubated for five 
minutes at room temperature. Twenty micro- 
liters of this solution are then added to 20 uL 
of saline immediately before Counting. Ten 
microliters of the diluted specimen are loaded 
into a hemocytometer, and peroxidase-positive 
(i.e., intensely brown-stained round cells the 
size of granulocytes, as well as peroxidase- 


[484] 


negative (unstained) round cells, are 
differentially counted at 400x magnification 
on a microscope. 


Granulocyte elastase test 


Granulocyte elastase, an enzyme specific 
to granulocytes, is released from activated 
leukocytes. It has been quantified in human 
seminal plasma by an enzyme-linked 
immunosorbent assay (ELISA). Investigators 
demonstrated good correlation of granulocyte 
elastase with total WBC concentrations in 
semen determined by immunohistology. 
Granulocyte elastase levels above 1000 
ng/mL-were shown lo be diagnostic for 
leukocytospermia, and high levels reportedly 
indicate male adnexitis. The granulocyte 
elastase ELISA has the advantage of being 
quantitative, and is suited for batch testing of 
frozen specimens. This assay measures the 
level of granulocyte activation in an ejaculate. 
However, the test is more expensive than 
peroxidase test. 


Immunohistology 


In addition to granulocytes, other WBC 
types are also present in semen and may affect 
fertility. Specifically, macrophages represent 
20-30% of all WBCs in semen, whereas T 
lymphocytes only 2-5%. Plasma cells and B 
lymphocytes are rarely detected in semen. 
Immunohistology enables quantitation of total 
WBC in semen. Individual subtypes can be 
enumerated by detecting WBC phenotypic 
antigens with specific monoclonal antibodies. 
This approach is considered the "gold 
standard" of semen WBC assessment 
techniques; however, it requires training, and 
is time-consuming and expensive. 


Flow cytometry 


The use of automated instrumentation in 
the andrology laboratory, such as computer- 
assisted semen analysis, has increased 
considerably over the past 20 years. Thus, 


flowcytometry holds promise for quick, 
accurate, and relatively inexpensive 
measurement of WBC in semen. Flow 


cytometry is a method frequently used in the 
field of cellular immunology, and can 
accurately analyze thousands of cells in a few 
seconds. Recent studies have raised the 
possibility of utilizing flow cytometry for a 
number of andrological measures, including 
assessing seminal WBC. As flow cytometry 


becomes readily available to andrology 
laboratories, its efficient and economic use for 
seminal WBC counting and characterization 
becomes a possibility. 


However, at the present time, the 
peroxidase test is the method of choice for 
clinical assessment of leukocytospermia. 


Determination of seminal oxidants 
(reactive oxygen species) 


Introduction 


Determination of seminal oxidants is fast 
emerging as a significant diagnostic and 
prognostic tool in infertility clinics. This is 
because reactive oxygen species (ROS) play 
an important role in the pathophysiology of 
damage to human spermatozoa. ROS are 
highly reactive oxidizing agents belonging to 
the class of free radicals. A free radical is 
defined as "any atom or molecule that 
possesses one or more unpaired electrons”. 
Spermatozoa generate ROS in physiological 
amounts, which play a role in such processes 
as sperm capacitation, acrosome reaction, 
and oocyte fusion. However, uncontrolled 
and excessive production of ROS, when it 
overwhelms the limited antioxidant defenses 
in semen, results in seminal oxidative stress. 


Reports have indicated that high levels of 
ROS are detected in semen samples of 25-40% 
of infertile men. The production of abnormal 
levels of ROS is thought to be involved in 
many aspects of male infertility in which 
spermatozoa are rendered dysfunctional by 


altered plasma membrane due to lipid 
peroxidation, DNA damage, and impaired 
metabolism, morphology, motility, and 


fertility. Spermatozoa ate highly susceptible 
to damage induced by ROS because of the 
high content of polyunsaturated fatty acids 
within their plasma membranes and a low 
concentration of scavenging enzymes within 
the cytoplasm. 


An oxidative stress (OS) test can help 
select subgroups of patients with infertility in 
which oxidative stress is a significant factor, 
and those who may benefit from antioxidant 
supplementation. 


Types of seminal oxidants 


Seminal oxidants represent two broad 
categories of molecules, the first being 
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oxygen-derived radicals and nonradicals 
called reactive oxygen species (ROS), e.g., the 
hydroxyl radical (OH), superoxide anion (O7), 
hydrogen peroxide (H202), and the 
hypochlorite radical (OHCT). The second 
category is nitrogen-derived free radicals 
called reactive nitrogen species (RNS), e.g., 
nitric oxide (NO) and nitrous oxide (N20). 
These nitrogen-derived radicals are sometimes 
considered a subclass of ROS. 


Source and mechanism of generation of 
ROS 


Human semen consists of different types 
of cells such as mature and immature 
spermatozoa, round cells at different stages of 
spermatogenesis, leukocytes, and epithelial 
cells. Leukocytes and immature spermatozoa 
are the two main sources of ROS. 
Polymorphonuclear neutrophils generate ROS 
in response to a variety of chemical and 
bacterial stimuli and overwhelm a 
spermatozoon's ability to repair or compensate 
for damage. 


Studies suggest that defects in 
spermiogenesis that result in retention of 
cytoplasmic droplets lead to ROS formation. A 
strong positive correlation exists between 
immature spermatozoa and ROS production, 
which in turn in negatively correlated with 
sperm quality. 


Currently available tests for detecting 
seminal oxidants 
There are several methods for 


measurement of seminal oxidant (ROS) and 
total anti oxidant capacity (TAC) of semen. 
Today, ROS measurement by 
chemiluminescence and measurement of TAC 
by colorimetric assay are the 2 most well- 
described laboratory techniques used for 
assessing OS in semen. 


Direct measurement of ROS 
Chemiluminescence 


Chemiluminescence assay is the most 
commonly used method for measuring the 
concentration of ROS within seminal fluid or 
sperm cell suspension. 


Oxidative end products produced by an 
in-vitro reaction between ROS and certain 
reagents produce a light signal that is 
converted to an electrical signal (photon), 
which is measured with a luminometer. Two 


major reagents or probes are used to assess 
ROS generated by spermatozoa: luminol and 
lucigenin. 


A variety of luminometers can be used to 
measure the light intensity resulting from the 
chemiluinescence reaction. Current 
luminometer models use two different 
processing designs. The photon-counting 
luminometers count individual photons, 
whereas direct-current luinometers measure 
electric current, which is proportional to the 
photon flux. Results are expressed either as 
counted photons per minute (cpm), as relative 
light units (rlu), or as millivots per second 
(mV/s). Normal ROS levels in neat semen 
range from 0.02 to 0.2 x 10° cpm per 20 x 10° 
sperm. 


The chemiluinescene assay is a 
nonspecific test, because it measures the total 
ROS activity in semen. It does not provide 
information on he differential contribution of 
spermatozoa and leukocytes to ROS 
production. 


Nitro blue tetrazolium (NBT) reduction test 


NBT reaction reflects the ROS generating 
activity in the cytoplasm of cell, and therefore 
it can help determine the cellular origin of 
ROS in semen. 


Cytochrome c reduction test 


This is the gold standard test for detecting 
extracellulary released superoxide in in-vitro 
assays. 


Flow cytometry 


Flow cytometry analysis can be used to 
identify sperm populations that may be 
dysfunctional because of intracellular ROS. 
The assay has an added advantage over the 
most commonly used method of 
chemiluminescene as it can measure 
intracellular ROS exclusively in the viable 
portion of the sperm population. Unlike flow 
cytometry, ROS measured by other methods 
may only be present extracellularly or in a 
small proportion of primarily nonviable 
sperm. 


Determination of seminal antioxidants 


Various enzymic and non-enzymatic 
factors protect from harmful effects of free 
radicals. Measuring the levels of these 
antioxidants provides an indirect assessment 
of the level of seminal OS. 
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Enzymatic antioxidants 


Three natural enzyme systems are known 
to protect spermatozoa against oxygen 
toxicity: catalase, glutathione peroxidae, and 
superoxide dismutase. 


Decreased activity of the above enzymes 
has been found in seminal plasma of infertile 
males who have high ROS activity. 


Non-ezymatic antioxidants 


Besides the enzymatic defenses, other 
compounds present in human semen such as 
albumin, O-tocopherol, B-carotone, lycopene, 
urate, and ascorbic acid play an important role 
in the protection of spemratozoea against free 
radical attack. 


Levels of these antioxidants correlate 
negatively with the generation of ROS, and 
their measurement in seminal plasma by high- 
performance liquid chromatography can 
provide an indirect assessment of the level of 
OS in semen. 


Measurement of total antioxidant capacity 
(TAC) 


Total antioxidant capacity provide 
biological information more relevant than that 
obtained by the measurement of individual 
components because it considers the 
cumulative effect of all antioxidants present in 
semen. 


e Enhanced chemiluminescence assay 


It is an accurate method for measuring 
total antioxidant capacity in seminal plasma. It 
is a time-consuming expensive and 
cumbersome method. 


e Colorimetric assay 


Colorimetric assay is a simple, rapid, 
relatively inexpensive, and reliable method for 
measuring seminal TAC. It is less expensive 
and less time-consuming than the traditional 
enhanced chemiluminescene assay. 


Measurement of DNA fragmentation 
in human spermatozoa 


Introduction 


Increased number of sperm with DNA 
damage (fragmentation) is associated with 
reduced chances of fertility, which is most 
evident with natural fertilization and IUI, 
and less evident with IVF and ICSI. 


Testing spermatozoa DNA integrity 


Two tests have been most commonly 
reported in recent years as indicators of sperm 
nuclear integrity. The test most commonly 
used to detect DNA strand breaks is TUNEL 
(terminal deoxynucleotidyl transferase- 
mediated dUTP nick end-labeling). The 
TUNEL technique labels single- or double- 
stranded DNA breaks, but does not quantify 
DNA strand breaks in a given cell. The most 
widely adapted and therefore most closely 
related test that evaluates spermatozoa DNA 
integrity is, however, the sperm chromatin 
structure assay (SCSA). 


The sperm chromatin structure assay (SCSA) 


The SCSA is a flow-cytometric test that 
measures the susceptibility of sperm nuclear 
DNA to acid-induced DNA denaturation in 
situ, followed by staining with acridine 
orange. Acridine orange is a meta-chromatic 
dye that fluoresces red when associated with 
denatured (fragmented) DNA and green when 
bound to double-stranded (normal) DNA. 
Therefore an increase in the percentage of 
cells with a high ratio of red to green 
fluorescence indicates an overall increase in 
DNA fragmentation in the spermatozoa from 
that ejaculate. Because the SCSA is 
quantitative, it has the potential to better 
define thresholds associated with reproductive 
outcome. SCSA parameters correlate with 
DNA strand breaks detected using the TUNEL 
technique. 


The SCSA, now adapted clinically as a 
service, measures a number of parameters, 
which include the DFI (DNA fragmentation 
index, i.e., the sperm fraction with detectable 
denaturable single-stranded DNA, mainly due 
to DNA breaks) and the HDS (highly DNA 
stainable cells, the sperm fraction showing 
increased double-stranded DNA accessibility 
to acridine orange, mainly because of defects 
in the histone-to-protamine transition process). 
As these parameters are not correlated to each 
other, they represent independent aberrations 
of the human mature male gamete in the 
ejaculate. 


The TUNEL (terminal deoxynucleotidyl 
transferase-mediated dUTP nick end- 
labeling) assay 


The TUNEL assay has been adopted as a 
measure of sperm DNA integrity for two 
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reasons. First, the ease with which available 
TUNEL kits measure DNA fragmentation 
allows for a simple assessment of sperm to be 
made on the basis of whether DNA strand 
breaks are present. Second, the assumption ha 
been made in numerous studies that TUNEL 
measurement of sperm is indicative of 
apoptosis. 


The technique can be used either with 
flow cytometry, allowing a greater number of 
spermatozoa to be assessed, or by staining 
cells on a slide and examining them 
individually under a fluorescent microscope. 


Current clinical relevance regarding tests of 
sperm DNA integrity 


Some authors reported that couples with 
no known infertility problems were 7.0 times 
more likely to achieve a pregnancy/delivery if 
the DNA fragmentation index (DFI) was < 30 
with SCSA using in-vivo fertilization. 
Infertile couples using IUI were 7.3 times 
more likely to achieve a pregnancy/delivery if 
their DFI was < 30%. With routine IVF, 
infertile couples were approximately 2.0 
times more likely to become pregnant if their 
DFI was < 30%. For ICSI and/or routine IVF, 
the results failed to show significance. Their 
meta-analyses showed that the SCSA 
infertility test was predictive for reduced 
pregnancy success using in vivo and IUI but 
less so for routine IVF, and to a lesser extent 
ICSI fertilization. For studies using the 
TUNEL assay, the results of IVF outcomes 
indicated that the clinical pregnancy rate, but 
not the fertilization rate, decreased 
significantly for patients with a high degree 
of sperm DNA damage (>15) compared with 
those with a low degree of sperm DNA 
damage. 


Two main conclusions can be drawn, 
about the impact of DNA damage and about 
the predictive power of SCSA and TUNEL: 


(1) An increased fraction of sperm showing 
DNA damage is certainly a negative trait that 
reduces the chances to father a child. 


(2) The predictive powers of these tests, and in 
particular SCSA, seem to be reduced as more 
advanced technologies are used to treat 
infertility. SCSA definitely remains predictive 
of natural conception and IUI, but once IVF or 
ICSI treatment is adopted then SCSA loses its 
predictive power. 


The origin of DNA damage 

There are two main theories explaining 
the origin of sperm DNA damage. First, it is 
thought that abnormalities in spermatogenesis 
and/or spermiogenesis lead to the production 
of sperm with these inherent DNA anomalies. 
A breakdown in three key cell system 
regulators, apoptosis, DNA repair, and 
chromatin remodeling, are thought to be 
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responsible. A second line of thought is that 
exposure to increased radical oxygen species 
or failure of antioxidant defense systems 
during transport through the male reproductive 
tract is also responsible. It is supported by 
studies demonstrating that DNA fragmentation 
is higher in epididymal and ejaculated 
spermatozoa than in testicular sperm. 


Section 9: Diagnosis of male infertility 


Chapter 60: Evaluation of female infertility for the 


non-gynecologist 


Causes of infertility 


Eighty-five percent of couples with 
regular, unprotected intercourse conceive 
within one year. Those failing to achieve 
pregnancy within this time frame usually 
should commence investigation. Earlier 
investigation is indicated in women over age 
35, those with a history of pelvic infections or 
surgery, infertility with a previous partner, 
known abnormalities of the uterus or fallopian 
tubes, prior treatment with gonadotoxic 
agents, history of endometriosis, and 
menstrual cycle abnormalities suggestive of 
ovulatory dysfunction. Partners of men with 
obviously poor semen quality or men who are 
candidates for surgical correction of 
obstructive azoospermia (e.g., vasectomy 
reversal) should receive a basic evaluation to 
assess whether there are factors that may 
warrant consideration of early ART (e.g., 
tubal disease, endometriosis, greater female 
age, or decreased ovarian reserve). In these 
cases, primary treatment with IVF and surgical 
sperm retrieval may be warranted. 


Human reproduction is a complex process 
that can be broken down into several 
components, any one of which could affect 
fertility. A comprehensive assessment of each 
of these components is paramount, as many 
couples are found to have a combination of 
factors contributing to their infertility. Sperm 
of optimal quality must be deposited near the 
cervix at the time of ovulation, ascend into the 
fallopian tube and have the capability to 
fertilize the oocyte (male factor). The cervix 
must be able to capture, filter, and release 
sperm into the uterus and fallopian tubes 
(cervical factor). Ovulation of a mature oocyte 
must occur on a regular, predictable basis 
(ovulatory factor). The peritoneal cavity must 
allow normal sperm/oocyte interaction and 
normal anatomical relationships between the 
distal tube and the ovarian surface (peritoneal 
factor). The fallopian tubes must be able to 
capture the ovulated ova and allow for normal 
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transport of sperm and embryos (tubal factor). 
Finally, the uterus must provide a hospitable 
environment with normal configuration, blood 
supply, and hormonal preparation to allow 
implantation and early embryo development 
(uterine factor). 


An accurate estimate of the prevalence 
of various infertility diagnoses is difficult to 
ascertain, because of variability in the extent 
of evaluation and the coexistence of multiple 
infertility factors. In an excellent quantitative 
analysis of the causes of female infertility, 
some authors reviewed 21 published results 
of 14 141 infertile couples. The primary 
diagnoses of these individuals were 
ovulatory disorders (27%), abnormal semen 
parameters (25%), tubal defects (22%), 
endometriosis (5%), others (4%), and 
unexplained (17%). The World Health 
Organization, using a standardized diagnostic 
protocol, conducted a study of 8500 couples, 
looking at diseases in the male and female. 
The diseases most often identified in the 
female were ovulatory disorders (25%), 
pelvic adhesions (12%), tubal occlusion or 
abnormality (21%), hyper-prolactinemia 
(7%), and endometriosis(15%). 


History and physical examination 


The cornerstone of the workup of the 
infertile female is a careful history and 
physical examination. An infertility 
questionnaire that addresses most of the 
important historical points is extremely useful 
(Table 60.1). Age, duration of infertility, and 
past reproductive history (infertility, gravidity, 
pregnancy outcome) are useful in determining 
prognosis. The history should include detailed 
information about menstrual regularity, flow, 
cycle interval (normal generally 21-35 days), 
and the incidence and frequency of 
unscheduled bleeding. Previous gynecologic 
procedures, such as cervical conization, 
treatment of septic abortion, and pelvic 
surgery may implicate an anatomical cause of 
infertility. Symptoms of possible endocrinopathy, 


such as hyper - or _ hypo-thyroidism, 
galactorrhea, hirsutism, acne, or insulin- 
resistance should be elicited. History of eating 
disorders, excessive exercise, unusual weight 
gain or loss, and past or current exposures to 
gonadotoxic agents such as smoking, 
chemotherapy, or radiation should also be 
identified. Severe or progressive 
dysmenorrhea and dyspareunia may suggest 
endometriosis. A history of previous pelvic 
surgery, septic abortion, ruptured appendix, or 
sexually transmitted diseases may raise the 
suspicion for tubal or peritoneal disease. A 
history of alcohol or recreational drug abuse, 
excessive caffeine intake, or tobacco smoking 
may also adversely affect reproductive 
potential. Finally, inquiry into the frequency 
and timing of intercourse and erectile or 
ejaculatory dysfunction may uncover other 
correctable causes of infertility. 


Although a _ non-gynecologist (e.g., 
urologist or andrologist) would not be carrying 
out the physical examination, many findings 
may be obtained from the female during the 
initial interview. Abnormal body mass index, 
galactorrhea, thyromegaly, signs of androgen 
excess (e.g., hirsutism, acne, clitoromegaly), 
Cushingoid features, and acanthosis nigricans 
may support suspicion of endocrinopathy 
associated with ovulatory dysfunction. On 
pelvic examination, the size and position of 
the uterus and ovaries, appearance of the 
cervical os and mucus, and presence of 
tenderness or nodularity may suggest the 
presence of fibroids, cysts, or endometriosis. 
In the majority of cases, however physical 
examination will be completely normal; 
therefore, associated imaging of pelvic 
anatomy and/or hormonal assessment will be 
indicated to detect or confirm abnormalities 
(Table 60.2). 


Table 60.1: History. 


Factors affecting prognosis 


Factors affecting prognosis in couples 
with infertility include prior fertility history, 
duration of infertility, diagnosis, and age. The 
most important factor affecting prognosis is 
the age of the female partner. As women near 
the end of the fourth decade, there is a steady 
and pronounced decline in the incidence of 
conception and live birth, whereas the 
incidence of early spontaneous abortion rises. 
This decline occurs in spite of the fact that 
most women maintain regular ovulatory 
function until within 1-2 years of menopause 
(average age 51). Ovulatory frequency 
remains high (95%) in menstruating women 
aged 40-55 until the onset of oligomenorrhea, 
when the percentage of ovulatory cycles drops 
significantly. Women experience their highest 
reproductive potential in their early 20s, with a 
gradual decline thereafter until the late 30s, 
when the rate of decline becomes more 
pronounced. 


The fecundity of the couple is much more 
dependent upon the age of the female than that 
of the male, with the percentage of married 
women remaining childless rising steadily 
with age: 6% at age 20-24, 9% at age 25-29, 
15% at age 30-34, 30% at age 35-39, and 64% 
at age 40-44. 


The impact of female age on fertility is 
also evident in pregnancy and live birth rates 
after ART. In addition to producing fewer 
eggs and embryos, older women produce 
embryos that are less likely to implant than 
those derived from the oocytes of younger 
women. According to the 2004 CDC report of 
ART success rates in the United States, a 
striking age-associated decline in pregnancy 
rates per embryo transfer and a corresponding 
increase in miscarriage rates are observed. 


Gravity, parity and pregnancy outcomes or complications 


Cycle length and characteristics, onset and severity of dysmenorrhea 


Coital frequency, and any sexual dysfunction 


Duration of infertility and results of any previous evaluation and treatment 


Past surgery and past or current medical illnesses 


Previous abnormal Pap smears and subsequent treatment 


Current medications and allergies 


Occupation and use of tobacco, alcohol, and recreational drugs 


Family history of birth defects, mental retardation, early menopause, reproductive failure 
Symptoms of thyroid disease, pelvic of abdominal pain, galactorrhea, hirsutism, and dyspareunia 


Table 60.2: Physical examination. 


Weight and body mass index 

Thyroid abnormalities 

Breast secretions 

Androgen excess, e.g., hirsutism 

Pelvic or abdominal tenderness or organ enlargement 


Vaginal or cervical abnormality, secretions, or discharge 


Size, shape, and mobility of uterus 
Adnexal mass or tenderness 


Cul de sac mass, tenderness, or nodularity 


There was no age-related decrease in 
pregnancy rates for recipients of donor 
oocytes. The absence of an age-related decline 
in live birth rates in oocyte-donation IVF 
cycles provides compelling evidence that 
infertility related to advancing maternal age is 
almost entirely related to changes in oocyte 
quality. 


Oocytes from normal women in their 
early 40s exhibit abnormalities in microtubule 
and chromosome placement at the metaphase 
stage of meiosis II, and higher rates of single 
chromatid abnormalities are reported in 
oocytes derived from older infertility patients 


following ovarian hyperstimulation. 
Fluorescence in-situ hybridization of 
blastomeres obtained from  cleavage-stage 


embryos derived in IVF cycles reveals a high 
proportion of aneuploidy, with a striking 
increase in prevalence after age 35. The 
incidence of spontaneous abortions, largely 
due to chromosomal abnormalities, also 
increases significantly with advancing 
maternal age. Oocyte abnormalities account 
for the rise in the incidence of chromosome 
abnormalities observed in live-born infants, 
from about 1/500 for women under 30 to 
1/270 at age 30,1/80 at age 35,1/60 at age 40, 
and 1/20 at age 45. 


Although much more subtle, there is also 
a slight decline in fecundity according to the 
age of the male partner. The decreased rates of 
conception observed in natural populations are 
generally thought to he due to changes in 
coital frequency and/or increased incidence of 
erectile or ejaculatory dysfunction. However, a 
recent report of the influence of paternal age 
on pregnancy rates in IVF cycles confirmed a 
statistically significant decrease in pregnancy 
rates in older men when controlling for 
female age. Interestingly, investigators also 
observed a combined effect, wherein the 
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lowest pregnancy rates were observed when 
both the male and female partners were older. 
In spite of these observations, counseling and 
treatment of the infertile couple is seldom 
influenced by the age of the male partner, 
except in consideration of nonmedical issues 
such as the health and longevity of the 
prospective father. 


The profound impact of maternal age is 
an important consideration in the evaluation of 
the infertile couple, in counseling, and in 
determining the time line for evaluation and 
treatment The initial approach to evaluation, 
as well as the long-term plan for treatment, 
should be modified appropriately when an 
older couple is being treated. 


Ovulatory factor 


In order to understand hormonal 
assessment of the female as well as assessment 
of ovarian function, it is important to have a 
basic understanding of menstrual cycle 
physiology. Normal ovulation is the result of 
coordinated stimuli and feedback between the 
hypothalamus, pituitary, and ovary. 
Gonadotropin- releasing hormone (GnRH) is 
released in a pulsatile fashion by the 
hypothalamus, stimulating release of follicle- 
stimulating hormone (FSH) and luteinizing 
hormone (LH). The frequency of pulsation 
determines the ratio of LH and FSH secreted, 
with higher- frequency, lower-amplitude 
pulses occurring in the follicular phase. 
Pituitary gonadotropin secretion is influenced 
by the serum level of ovarian hormones, 
which exert both positive and negative 
feedback on both the hypothalamus and 
pituitary. Because of the dynamic nature of 
ovarian hormone and gonadotropin secretion 
across the menstrual cycle, it is critical to 
measure the hormones at specified times 
relative to the menstrual period (early 


follicular phase - FSH, LH, and estradiol; 
luteal phase- progesterone). 


Most ovulatory disturbances can be 
ascertained by simple history alone. Ovulatory 
women report regular menses, generally 21- 
35 days in length. Longer cycles may be 
ovulatory; however, the incidence of 
anovulation is high in cycles longer than 35 
days, especially when the interval and/or flow 


are irregular. Other subjective signs of 
ovulation include ovulatory pain 
(mittelschmertz), cervical mucus changes 


(increased quantity, clarity, and "egg white" 
consistency), luteal-phase mastalgia, and other 
premenstrual symptoms. Dysmenorrhea is 
more common and pronounced in ovulatory 
than in an-ovulatory cycles. 


Ovulatory cycles are associated with a 
shift in the basal body temperature (BBT) 
coinciding with the LH surge. This thermal 
shift is associated with progesterone accretion, 
falling just prior to onset of menses, except 
during conception cycles, when the elevated 
temperature is maintained. While easy and 
inexpensive, BBTs are inherently inaccurate, 
difficult to read, and tedious, and ovulation 
can be determined only retrospectively. 
Because of these limitations, the BBT has 
been, largely replaced by urinary assays 
available for home detection of the LH surge, 
providing reliable and prospective evidence of 
ovulation. A serum progesterone level of > 
3ng/mL is considered confirmatory of 
ovulation. 


The follicular phase length (time to 
ovulation) varies significantly among women 
with variable menstrual cycle length, 
whereas the luteal phase length is relatively 
stable, generally about 14 days. Therefore, the 
proper timing of the progesterone assessment 
is approximately one week prior to expected 
menses (e.g., day 21 of a 28-day cycle, day 28 
of a 35-day cycle, etc.). Ultrasound monitoring 
may also be used to document dominant 
follicle development and collapse, although 
this is an expensive and usually unnecessary 
approach. Finally, endometrial biopsy in the 
luteal phase showing secretory histological 
changes is another means by which to verify 
ovulation, though it is not used clinically for 
this purpose. 


For patients with obvious ovulatory 
dysfunction (oligomenorrhoea or 
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amenorrhea), medical evaluation of potential 
underlying causes should include screening for 
thyroid disease (TSH) and hyperprolactinemia. 
Women with clinical signs of androgen excess 


should also be screened for elevated 
testosterone and dehydroepiandrosterone 
sulfate (DHEA-S) and  21-hydroxylase 


deficiency (17-hydroxy-progesterone). Ultra- 
sound may provide supportive, but not 
diagnostic, evidence of polycystic ovarian 
syndrome (PCOS). This common condition is 
characterized by clinical or laboratory 
evidence of androgen excess associated with 
chronic anovulation, and bilateral ovarian 
enlargement with multiple small antral 
follicles (< 10 mm) apparent on ultrasound. 
Women with stigmata of Gushing syndrome 
should be evaluated with a 24-hour free 
urinary cortisol or dexamethasone suppression 
test. 


A progestin challenge test (administration 
of 5-10 days of medroxyprogesterone acetate, 
micronized progesterone, or a single injection 
of 100 mg _ progesterone-in-oil) serves as a 
clinical measure of estrogen status - a positive 
withdrawal bleed indicates prior endometrial 
estrogen exposure. Failure to withdraw 
indicates hypo-estrogenemia, due either to 
ovarian failure or to hypogonadotropic states. 
Ovarian as opposed to hypothalamic-pituitary 
etiologies of amenorrhea can be distinguished 
by obtaining a serum FSH level, with FSH 
elevation being indicative of ovarian failure. 
Women with secondary amenorrhea who have 
a negative progestin challenge, normal FSH, 
and history of previous uterine instrumentation 
should be further assessed with another 
progestin challenge after exogenous estrogen 
administration to exclude Asherman syndrome 
(partial or complete obliteration of the 
endometrial cavity by intrauterine synechia). 


Qualitative abnormalities in ovarian 
stimulation and hormone secretion can also 
occur in ovulatory women. This 
endocrinopathy most frequently presents as a 
shortening of the luteal phase associated with 
decreased integrated luteal phase progesterone 
secretion. This condition, referred to as 
"luteal phase deficiency" (LPD) may 
contribute to infertility or early pregnancy 
failure due to inadequate endometrial prep- 
aration for implantation. This deficiency is the 
subject of some debate, and does not appear to 
constitute a major cause of infertility. 


However, patients with obvious deficiency in 
progesterone production may benefit from 
either luteal progesterone supplementation or 
augmentation through ovulation induction. 


Methods used to diagnose LPD include 
observation of a luteal phase less than 11 days 
according to BBT or urinary LH detection, 
endometrial biopsy, and evaluation of serial 
progesterone levels. For many years, the "gold 
standard" was considered to be a late luteal 
phase endometrial biopsy; the histological 
appearance of the endometrial glands and 
stroma change daily throughout the luteal 
phase, correlating with the number of days of 
progesterone exposure. However, biopsy is 
uncomfortable, expensive, and subjective; 
therefore, it is not a commonly used diagnostic 
tool. Some authors reported that three serum 
progesterone levels obtained over a five-day 
period from the fifth to the ninth day of the 
LH surge correlate better with daily 
progesterone levels than endometrial biopsy. 
A combined level of 30 ng/mL (or average 
level > 10 ng/mL) is considered the normal 
limit. 

Cervical factor 


In order for fertilization to occur, the 
cervix must serve as a conduit and reservoir 
for sperm. Prior to ovulation, elevated 
estradiol acts on the endo-cervical epithelium 
to increase the saline content of the cervical 
mucus in addition to changing the population 
of leukocytes present. Patients with 
anatomical (e.g., prior conization), 
inflammatory (e.g.. cervicitis). and hormonal 
(e.g., patients on clomiphene citrate, with its 
anti-estrogenic properties) disorders of 
cervical mucus production may have 
inadequate quantity and quality of cervical 
mucus for normal sperm transport. Although 
very uncommon, cervical-factor infertility as 
an isolated factor is an easily treated cause of 
infertility through intrauterine insemination, 
which effectively bypasses the cervix. 
Evaluation of the cervix is best done by visual 
inspection of the os and of the character of 
cervical mucus clarity, quantity, 
spinnbarkeit, and cellularity - just prior to and 
during ovulation. Muco-purulent discharge, a 
sign of cervicitis, should be further evaluated 
with cultures for chlamydia and gonorrhea. 
The postcoital test is another means by which 
to assess the sperm-mucus interaction, serving 
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as a measure of the quality of mucus and/or a 
screen for evidence of antisperm antibodies. A 
sample of cervical mucus is obtained between 
2 and 18 hours after intercourse in the 
immediate pre-ovulatory phase and examined 
microscopically for the presence of 
progressively motile sperm. However, due to 
low predictive value and poor specificity, this 
test remains controversial and is infrequently 
performed. 


Tubal factor 


An important part of the basic infertility 
evaluation is assessment of fallopian tube 
patency. A hysterosalpingogram, or HSG, is 
the most frequently utilized modality for 
tubal assessment. Performed in the early to 
mid-follicular phase, an HSG consists of 
injection of iodinated contrast through a 
cannula or catheter placed into the endo- 
cervical canal or lower uterine segment while 
observation takes place through continuous or 
intermittent fluoroscopy. A tenaculum is often 
placed on the cervix to allow manipulation of 
uterine position so that the best images can be 
obtained. Information gained includes the 
shape and size of the uterine cavity, proximal 
and distal tubal patency, and caliber and 
mucosal pattern of the ampullary portion. 
Other findings may include filling defects 
within the uterus representing polyps, fibroids, 
or synechiae, congenital anomalies, salpingitis 
isthmica nodosa. and loculation of contrast 
outside the tubes suggesting the presence of 
pelvic adhesions. Intravasation into the 
myometrium may be associated with the 
presence of myomas, adenomyosis, or retained 
products of conception. Proximal tubal 
occlusion usually cannot be distinguished 
from spasm of the myometrium surrounding 
the interstitial portion of the tube. Repeat 
HSG, selective tubal cannulation, or 
laparoscopy is necessary to distinguish 
between a true and functional proximal tubal 
occlusion. 


Contrast used in HSGs can be either 
water- or oil-based. Oil-based contrast has 
been discouraged by some because of concern 
about embolization after intra-vasation or 
granuloma formation in cases of distal tubal 
occlusion. However, low molecular weight 
oil-based contrast can be used without any 
evidence of serious or long-term side effects. 
A meta-analysis of studies using either oil- or 


water-based contrast confirmed the 
phenomenon of a therapeutic effect when oil- 
based contrast was used. Furthermore, a 
randomized trial of tubal flushing with oil- 
based contrast in patients with 
laparoscopically confirmed endometriosis 
demonstrated a significant increase in preg- 
nancy and live birth rates. The mechanism for 
this improved fecundity rate is unclear. 
Another advantage of oil-based contrast is the 
potential to utilize a delayed film to document 
retained contrast in an occluded tube or to 
confirm normal intraperitoneal distribution 
and/or spill when the initial study is equivocal. 
Advantages of water-based contrast include 
better delineation of mucosal patterns within 
the fallopian tube and no concern about intra- 
vasation. 


When HSG findings are abnormal or 
equivocal, laparoscopy is indicated for 
definitive assessment of fallopian tube status 
and for delineating the etiology of tubal 
occlusion. In some cases, a serum chlamydia 
titer is helpful in determining the likelihood of 
tubal pathology or intraperitoneal adhesions. 
In the case of hydro-salpinx, laparoscopy may 
also serve as a therapeutic measure. Patients 
who are prepared to enter into IVF treatment 
are encouraged to undergo salpingectomy 
because of the very low pregnancy rates after 
neo-salpingostomy, high rate of recurrent 
occlusion, risk of ectopic pregnancy, and, 
finally, decreased success rates after IVF when 
a hydro-salpinx is present. Neo-salpingostomy 
in experienced hands is associated with a 
cumulative pregnancy rate as high as 25%. 
However, because of superior pregnancy rates 
achieved with IVF (up to 40% live births per 
initiated cycle), surgical repair of distal tubal 
occlusion generally is reserved for patients 
with relatively mild tubal disease or those who 
are opposed to IVF because of philosophical, 
financial, or religious concerns. Several 
studies have confirmed lower pregnancy rates 
and higher rates of spontaneous abortion after 
IVF when hypro-salpinx is present. Other 
studies have shown that these differences are 
eliminated when salpingectomy or proximal 
tubal occlusion is performed. 


Uterine factor 


Both congenital and acquired 
abnormalities of the uterine cavity may affect 
the likelihood of pregnancy and/or pregnancy 
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outcome. In-utero DES exposure, which may 
result in a classic T-shaped uterus, as well as 
abnormalities of formation or fusion of the 
uterine horns and uterine septae constitute 
abnormalities that have implications primarily 
in pregnancy outcome. Acquired defects 
include leiomyomata, endometrial polyps, and 
intrauterine synechiae. The size of the defect, 
location, and extent of distortion of the uterine 
cavity determine their likelihood to impair 
reproductive function. A careful assessment of 
the uterine cavity should therefore be included 
in the female evaluation. 


There are three modalities commonly 
used to evaluate the uterine cavity: HSG, 
saline infusion sonohysterography (SIS), and 
hysteroscopy. HSG is usually the first-line 
test, as the assessment of the uterine cavity 
and fallopian tube status may be ascertained 
simultaneously. When the tubal status is not in 
question (e.g., after prior tubal ligation or 
salpingectomy), SIS is a simple and cost- 
effective way to assess the uterus. 
Saline is infused into the uterine cavity during 
real-time ultrasound assessment through a 
small catheter that has been placed into the 
cervical canal or uterus Distension of the 
cavity provides an outline of the 
uterine contour and highlights filling defects 
such as polyps. Hysteroscopy is a direct 
inspection of the uterine cavity, and may allow 


for simultaneous resection of intrauterine 
pathology. Flexible, 3 mm hysteroscopes 
allow for efficient and usually painless 


inspection of the uterine cavity in the office 
setting. In most cases, uterine pathology can 
be easily identified by any one or a 
combination of these procedures. In some 
cases, however, MRI may be a useful adjunct, 
particularly when evaluating uterine anomalies 
that have a non-communicating component, 
evaluating the size and location of larger 
myomas, and helping to distinguish between 
uterine fibroids and adenomyosis. Patients 
with congenital abnormalities such as 
bicornuate or septate uteri should also have 
MRI, US, or CT/IVP to assess renal anatomy 
because of the high incidence of urinary tract 
anomalies in these patients. 


Peritoneal factor 


A small subgroup of infertile women may 
be found to have normal HSG, pelvic exam, 
and ultrasound in spite of the presence of 


peritoneal factors such as tubal or ovarian 
adhesions or endometriosis. Therefore, 
patients with unexplained infertility or failure 
to conceive with conventional infertility 
treatment may benefit from laparoscopy to 
determine the presence and extent of 
endometriosis or adhesions. Because of the 
increased utility of ART in these patients, and 
the relatively disappointing improvement in 
outcome after surgical treatment, laparoscopy 
is included less frequently in the routine 
evaluation of the infertile couple, with many 
couples choosing to go directly to ART. 


Assessment of ovarian reserve 


Ovarian reserve is defined as the capacity 
of the ovaries to respond to gonadotropin 
stimulation. Women at birth are endowed with 
a finite number of follicles, the majority of 
which expire due to atresia. There is a 
progressive decline in the number of follicles 
with age, with an apparently accelerated rate 
of disappearance after the age of 37. Whereas 
the correlation between egg quality and 
chronological age is very strong, there is 


significant variability in ovarian reserve 
among women at any given age. 
As women age, shortening of the 


follicular phase length (time to ovulation) is 
observed, constituting a clinical sign of 
decreasing ovarian reserve. However, even 
when these clinical signs are present, studies 
in normal women indicate normal and often 
supra-physiologic ovarian secretion of both 
estradiol and progesterone until significant 
menstrual irregularity associated with the peri- 
menopause occurs. For this reason, many 
patients and practitioners may be falsely 
reassured by the continued presence of normal 
menstrual cycles and peripheral steroid 
concentrations. Therefore, a formal 
assessment of ovarian reserve is indicated to 
detect a woman's "relative reproductive age" 
as well as her potential to benefit from 
therapies involving controlled ovarian hyper- 
stimulation. 


Indirect measures of ovarian reserve 
include early follicular phase FSH, estradiol, 
inhibin B, and anti-Miillerian hormone 
levels. Recently, the antral follicle count (the 
number of follicles between 2 and 10 mm that 
can be measured on trans-vaginal ultrasound) 
has emerged as a predictor of stimulation 
quality in ART cycles. The mainstay of 
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ovarian reserve testing is determination of 
early follicular phase serum FSH and 
estradiol, traditionally on day 3 of the 
menstrual cycle. Because estradiol inhibits 
FSH secretion, it is essential to obtain both 
hormones in order to interpret the FSH result 
with accuracy. FSH levels below 10 IU/L, are 
usually indicative of normal ovarian reserve, 
whereas levels of 10-15 suggest compromised 
ovarian reserve. Levels above 15IU/L usually 
indicate severe diminution of ovarian reserve, 
with most patients in this range failing to 
respond sufficiently to exogenous 
gonadotropins. Estradiol levels above 
80pg/mL are abnormal and provide an 
independent predictor of decreased ovarian 
reserve, probably due to early selection and 
maturation of a dominant follicle. Variability 
cycle to cycle and between assay standards 
limits somewhat the predictive value of this 
test. Furthermore, many women with 
compromised ovarian reserve have normal 
day-3 FSH and estradiol levels These patients 
may be detected by employing the clomiphene 
citrate challenge test, in which clomiphene is 
administered days 5 through 9 with a second 
FSH determination on day 10. Elevation of the 
day-10, stimulated FSH also predicts poor 
response, to gonadotropin stimulation. 


Newer measures of ovarian reserve 
include measurement of inhibin B and anti- 
Miillerian hormone. Both are secreted by 
the pool of small growing follicles and 
correlate very well with response to ovarian 
stimulation with gonadotropins. Although 
these hormones may prove to have higher 
specificity and sensitivity as markers of 
ovarian reserve, the assays are not as readily 
available and the normal ranges are less well 
established. In general, they add little to the 
clinical assessment of ovarian reserve. 
Ultrasound assessment of antral follicle 
count correlates with chronological age, is 
noninvasive, and may be assessed at any 
phase of the menstrual cycle. Antral follicle 
count determined in normal women at 
various ages demonstrates the same age- 
related decline as that seen in reports of non- 
growing follicles, with an apparent increase 
in the rate of disappearance by age 40. Antral 
follicle count demonstrates minimal inter- 
cycle variability and has been found to be 
superior to FSH testing in predicting IVF 
outcome. 


Although ovarian reserve has traditionally 
been defined as the capacity of the ovaries to 
respond to gonadotropins, it is debated that 
abnormal ovarian reserve testing may also 
reflect a compromise in oocyte quality as well 
as oocyte quantity. Some authors 
demonstrated that young patients with 
elevated FSH levels had poor ART outcome, 
arguing that youth and supposed good oocyte 
quality were not protective. However, young 
patients with elevated FSH levels had 
significantly higher implantation rates than 
older patients with normal FSH levels. FSH 
and antral follicle counts have more predictive 
value for quantitative outcome measures, such 
as gonadotropin requirement, number of 
oocytes, number of embryos, and cancellation 
rates, than for qualitative outcome such as 
implantation and pregnancy rates. A recent 
meta-analysis has suggested that the antral 
follicle count predicts ovarian response, but 
not pregnancy. 
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Ovarian reserve testing should be offered 
routinely to women over 35, as well as to 
those with unexplained infertility or failure 
to respond to conventional infertility 
treatment, and to those contemplating ART 
therapy. Risk factors for premature loss of 
ovarian reserve include prior ovarian 
infection, surgery, exposure to chemotherapy 
or radiation, family history of early 
menopause, family history of fragile X 
syndrome, and smoking. These patients, as 
well as those with clinical indicators of 
reduced ovarian reserve (recent onset of cycle 
irregularity or early ovulation), should have 
early assessment of ovarian reserve. Women 
with reduced ovarian reserve may have less 
benefit from ART; however, younger women 
may wish to be more aggressive and utilize 
ART sooner when decreased ovarian reserve 
is identified. 


Section 10: Treatment of male infer tility 


Chapter 61: 
infer tility 


Specific therapy 
Introduction 


Male-factor infertility is a multi-faceted 
problem. Its treatment can be divided into 
surgical and nonsurgical modalities. Table 
61.1 lists the various pre-testicular, intra- 
testicular and _ post-testicular causes of 
infertility that are potentially amenable to a 
nonsurgical treatment option. 


Medications responsible for male-factor 
infertility 


Many medications have been implicated 
as potential inhibitors of male fertility. A 
careful history should include discussion of 
prescription drugs, over-the-counter 
medicines, and herbal supplements the man is 
taking. Additionally, a social history is 
important to rule out lifestyle factors such as 
tobacco, alcohol, and recreational drug use. 
Many medications cause alterations in all 
categories of male infertility. Cimetidine, now 
an over the counter heartburn medication, 
suppresses the hypothalamic-pituitary-gonadal 
(HPG) axis in a reversible manner. Cimetidine 
has also been linked to a reversible hyper- 
prolactinemia. Antihypertensives, as a class, 
can have myriad deleterious effects on male 
fertility. Calcium channel blockers interfere 
with the acrosome reaction. Discontinuing 
calcium channel blockers can restore fertility 
in men using this type of medication. 


Non-surgical treatment 


of male 


Angiotensin - converting enzyme 
inhibitors do not appear to adversely affect 
fertility or sexual function, and therefore offer 
a good alternative for hypertensive subfertile 
men. Spironolactone, a  potassium-sparing 
diuretic, inhibits the HPG axis and blocks 
binding of dihydrotestosterone to its receptor. 
This inhibits spermatogenesis and reduces 
libido. A general rule of thumb for any male 
trying to conceive is to limit all medications, 
prescription or over the counter, when 
attempting conception. When it is impossible 
to discontinue certain medications, such 
patients should seek out alternatives that are 
not as detrimental to fertility. 


Illicit drugs, alcohol, and tobacco 


Avoiding illicit drugs, drinking alcohol in 
moderation, and abstaining from tobacco 
products are good recommendations for any 
physician to make to a patient. In the subfertile 
male, this advice especially holds true. 
Consumption of marijuana has long been 
known to alter the HPG axis, decrease serum 
testosterone, and cause gynecomastia. A direct 
spermatotoxic effect of marijuana has also 
been reported. Recent evidence demonstrates 
that human sperm express cannabinoid 
receptors. Stimulating these receptors with 
marijuana derivatives inhibits sperm motility, 
the acrosome reaction, and mitochondrial 
activity. 


Table 61.1: Pre-testicular, intratesticular, and post-testicular causes of infertility that are potentially 


amenable to a nonsurgical treatment option. 


Pre-testicular 


intratesticular 


post-testicular 


Medications Medications 
Systemic infection 
Hypogonadism Hyperthermia 
Occupational exposure 


Illicit drug use 


Genital tract infection 


Occupational exposures 


Radiation therapy 


Medications 
Genital tract infection 
Ejaculatory dysfunction 


Erectile dysfunction 


Alcohol use in the infertile male is a 
subject of some controversy. It is indisputable 
that alcoholism, with its hepatotoxic-induced 
estrogenic effects including gynecomastia, 
depressed libido, and erectile dysfunction, 
inhibits male fertility. Semen quality of 
occasional drinkers does not appear to be 
impaired, however. However, it may be 
prudent for men with marginal semen quality 
to abstain from alcohol during periods of 
attempted conception if no other causes of 
sub-fertility can be determined. 


Tobacco use poses a dramatic health risk 
that spans many organ systems. Its effects on 
infertility are less clear. One recent study 
demonstrated a dramatic decrease in seminal 
ascorbic acid levels in men who smoked over 
20 cigarettes a day. Ascorbic acid is a potent 
antioxidant which is thought to protect sperm 
from oxidative damage. Additionally, in this 
study, high levels of ascorbic acid correlated 
positively with increased sperm concentration 
and percent motile sperm, and negatively with 
abnormal morphology. Earlier-studies have 
also shown that cigarette smoking affects 
sperm concentration, morphology, and 
motility. 


Infections 


Genitourinary infections in the male are 
an uncommon but potentially treatable source 
of infertility. Chlamydia trachomatis has long 
been studied as a putative disrupter of male 
fertility. Its exact role in male fertility, 
however, remains controversial. It is by far the 
most prevalent sexually transmitted bacterial 
pathogen worldwide. Up to 50% of men and 
70% of women are asymptomatically infected 
with chlamydia. 


One theory is that chlamydia causes 
urethritis, which leads to epididymo-orchitis. 
Epididymo-orchitis in turn is linked to 
obstructive infertility. Many studies have seen 
a correlation between high levels of anti- 
chlamydial antibodies and lower median 
sperm counts. Chlamydia infection has also 
been shown to cause asthenospermia. 
Treatment with azithromycin or minocycline 
in infected men may improve sperm motility. 


The best evidence and common sense 
suggest that men with pyospermia, active 
urethral symptoms, or otherwise unexplained 
asthenospermia should be evaluated and, if 
necessary treated for a chlamydial infection. 
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The human immunodeficiency virus 
(HIV) and male infertility is becoming an area 
of increased interest as the advent of effective 
antiretroviral agents has dramatically 
improved life span and quality of life among 
infected individuals. Men with HIV may wish 
to become fathers. Sperm washing has 
increased the safety of conception with an 
infected male. Infected men may have 
abnormal semen parameters, however, that can 
make conception more difficult. Leuko- 
cytospermia is almost always seen in men with 
HIV. HIV-positive men also have impaired 
sperm motility. There are no data to confirm 
that spermatozoa are directly infected with 
HIV. The effect on male infertility of 
antiretroviral medications, the mainstay of 
HIV therapy, is not clear. One study noted 
minimal change in semen parameters in men 
before and after institution of HIV therapy. 
The effect of antiretroviral therapy on 
mitochondria may explain the impaired sperm 
motility seen in many studies. However, as 
previously noted, untreated men also have 
impaired semen motility. Once sperm are 
harvested and washed, both intrauterine 
insemination (IUD) and intracytoplasmic sperm 
injection (ICSI) have been employed 
successfully, and there are strong proponents 
of each method. 


Endocrine disor ders 
Hypogonadotropic hypogonadism (HH) 


Kallmann's syndrome is a rare subset of 
HH associated with other midline defects 
including anosmia. The syndrome is inherited 
most commonly in an X-linked fashion but 
can also be transmitted in an autosomal 
dominant or autosomal recessive pattern. The 
X-linked form of Kallmann syndrome is tied 
to a defect in the KALI gene, which codes for 
a neuronal adhesion molecule that guides 
migration of luteinizing hormone (LH)- 
secreting neurons to the basal hypothalamus. 
Spermatogenesis in men with Kallmann 
syndrome has traditionally and effectively 
been instituted with combination human 
chorionic gonadotropin/human menopausal 
gonadotropin (hCG and hMG). Therapy 
intended to initiate spermatogenesis begins 
with 2000 international units of hCG 
administered subcutaneously three times per 
week. If sperm are not present in the semen 
after six months of treatment, FSH therapy is 


started in the form of hMG, at 75 units 
subcutaneously three times weekly. In a recent 
30-year retrospective study in Japan, most 
patients achieved peak serum testosterone 
levels within 24 months using a dosing 
regimen of 3000 international units of hCG 
and 75 international units of hMG intra- 
muscularly twice weekly for 12-48 months. In 
this same study, which included both men 
with Kallmann's syndrome and men with other 
HH etiologies, sperm production was directly 
correlated with post-treatment testicular 
volume. 


Since men with Kallmann syndrome 
typically have small testicles secondary to the 
complete lack of endogenous pulsatile GnRH 
release, less than 36% of these men responded 
to therapy. GnRH infusion pumps have been 
employed in men with Kallmann's syndrome 
with some degree of success. Pulsatile 
infusion-pump therapy consists of a portable 
pump with a reservoir filled with GnRH. A 
subcutaneous needle is inserted into the 
abdominal wall and GnRH is secreted in doses 
of 5-20ug every two hours. The needle is 
changed every two days. This therapy 
continues for four months or longer before 
sperm are seen in the ejaculate. Because of the 
cumbersome nature of this therapy, it 
generally is reserved for men who do not 
respond to gonadotropin therapy. 


Hyperprolactinemia 


Another endocrine disorder, hyper- 
prolactinemia, is also responsible for male 
infertility. Prolactin inhibits LH action on 
Leydig cells. Prolactin receptors are also 
present in the first layer of the seminiferous 
epithelium. This suggests prolactin also has a 
more direct effect on spermatogenesis, but it is 
not clear what that effect may be. Although 
the incidence of a prolactin-secreting pituitary 
adenoma is low, it is the most common 
functional pituitary tumor. Men frequently 
present with mass effect symptoms such as 
headaches or ocular field defects suggestive of 
macro-prolactinoma. The initial workup of a 
man with an elevated serum prolactin level 
should include a careful history and review of 
systems, including questions about headaches, 
visual disturbances, galactorrhea, loss of 
libido, and erectile dysfunction. A baseline 
serum testosterone should also be drawn to 
monitor response to future therapy. 
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Hyperprolactinemia usually causes hypo- 
gonadism, and treatment of the prolactinoma 
usually reverses the hypo-gonadism. Roughly 
one-third of men with hyper-prolactinemia 
have a macro-prolactinoma as evinced by 
mass effect symptoms. Magnetic resonance 
imaging (MRI) of the brain, therefore, is 
warranted to determine the presence and size 
of the tumor. Usually, a macroadenoma is 
greater than 1cm in greatest dimension and has 
a concomitant serum prolactin level greater 
than 200 ug/L. A micro-prolactinoma is less 
than 1 cm in greatest dimension on MRI, and 
is typically associated with a serum prolactin 
level of 5S0 ug/L. 


Treatment of prolactinomas usually 
depends on size. Patients with hyper- 
prolactinemia and normal imaging studies, 
and those with micro-adenomas, can be 
treated with dopaminergic agonists such as 
bromocriptine or cabergoline. Cabergoline 
has stood up in multiple randomized 
prospective and retrospective trials as 
superior to bromocriptine with a more benign 
side-effect profile. For micro-prolactinomas, 
cabergoline is dosed at 0.5 mg orally once 
weekly and titrated up to 0.5 my orally twice 
weekly after the first week. Every six months, 
serum prolactin and testosterone levels 
should be drawn, and escalation of dosage up 
to 1 mg twice weekly can be made to keep 
serum prolactin levels under 15ug/L. Repeat 
MRI is sometimes performed. However, one 
can infer from symptom improvement and 
normalization of serum prolactin and 
testosterone that the tumor has shrunk. 


Macro-adenomas have warranted a 
referral to a neurosurgeon for trans- 
sphenoidal or, more recently, endoscopic 
removal. However, recent studies suggest that 
even macro-adenomas often can be 
successfully treated with dopaminergic 
agonists. A small study of 12 men with 
macro-adenomas over 4 cm in size showed 
normalization of prolactin levels in 10 men 
after long-term (up to 84 months) cabergoline 
therapy. Nine of the 12 men had visual field 
defects prior to treatment. After treatment, 
eight of the nine had either normal visual 
fields or improved visual fields. Eight of the 
12 men had normalization of their serum 
testosterone after concluding treatment. 


In addition to normalizing serum 
testosterone levels and improving erectile 
function and libido, medical therapy for 
prolactinomas can also improve semen 
analysis profiles. In one study, statistically 
significant improvements in sperm count were 
seen in hyperprolactinemic men treated with a 
six-month course of cabergoline. 


Environmental factors 


Xenobiotics, compounds that are not 
naturally found in a biologic system, adversely 
affect semen in multiple ways. The chemical 
industry has introduced hundreds of 
xenobiotics to humans over the last-half- 
century. Pesticides such as DBCP interfere 
with sperm production and maturation in 
humans. Men working in the agricultural 


industry, therefore, may be at risk for 
problems related to spermatogenesis. 
Additional organochlorine pesticides such as 
DDT, all inhibit spermatogenesis. The 


degradation product of DDT, (p,p-DDE), 
binds to the estrogen receptor and also blocks 
androgen receptors. 


Vinclozolin, a fungicide used heavily in 
the wine industry, is another endocrine 
disruptor that affects both estrogenic and 
androgenic pathways. It is also known to 
impose trans-generational damage through the 
germline. 


No firm conclusion can be reached that 
pesticides cause alterations in sperm 
concentration and function, but it seems logic 
to advise subfertile patients to avoid these 
exposures. 


Electromagnetic fields such as those 
created by cellular telephones have also been 
studied as causative factors in male infertility. 
Men who use a cellular telephone had a linear 
decline in sperm count, motility, viability, and 
morphology with increasing usage. 


Empiric therapy of idiopathic 
infer tility 
Introduction 


The term “empiric” is derived from the 
Greek word empeirikos, which means relying 
on experience only. Such empiric medical 
therapy is commonly used in the treatment of 
patients with idiopathic male infertility. 
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When a diagnostic evaluation reveals no 
specific abnormalities to explain a man’s 
infertility, he is said to have idiopathic 
infertility. 


The incidence of idiopathic infertility has 
ranged from 5% to 66%, with an average of 
25%. Idiopathic infertility, therefore, is often 
the diagnosis given to a large number of men 
seeking evaluation and treatment. Empiric 
therapy is the only available form of therapy 
for these patients. 


Patients who have a known but 
untreatable cause of infertility, or patients who 
fail to respond adequately to specific 
treatments, are also candidates for such non- 
specific intervention. Therefore, empiric 
therapy might be offered to any infertile man 
for whom a specific treatment is unavailable 
or in whom a specific treatment has failed. 


With the exception of low-dose vitamin 
supplementation and aromatase inhibitors, 
empiric therapy is seldom recommended in the 
treatment of the infertile male. Instead, 
specific assisted reproductive techniques that 
have a measurable benefit are typically 
suggested to the couple with idiopathic male 
infertility. 


Anti-estrogen therapy 


The hypothalamus is the site of 
production for the peptide hormone 
gonadotropin-releasing hormone (GnRH), 


which is secreted in a carefully timed pulsatile 
release. GnRH stimulates the synthesis and 
release of the gonadotropic hormones, 
luteinizing hormone (LH) and follicle- 
stimulating hormone (FSH), in the anterior 
pituitary. LH then stimulates the Leydig cells 
of the testes to produce testosterone. The 
current understanding of this hypothalamic- 
pituitary-gonadal (HPG) axis reveals an 
absolute dependence of spermatogenesis on 
normal serum testosterone levels. FSH is 
required for both the initiation of 
spermatogenesis and the maintenance of 
normal sperm production. Most empiric 
hormonal therapies are based upon the theory 
that increasing the amount of circulating; 


testosterone and/or FSH will improve 
testicular function, specifically 
spermatogenesis. 


The intact HPG axis also depends on 
normal levels of circulating steroids 


(androgens and estrogens) for feedback 
inhibition of both hypothalamic and pituitary 
stimulation of the testis. This negative 
feedback effect of androgens mostly occurs 
after their conversion to estrogens by 
aromatization either peripherally or at the 
target organ (hypothalamus or pituitary). 
Therefore, anti-estrogens and aromatase 
enzyme-inhibiting compounds can be used to 
block this negative feedback effect of steroids 
on the HPG axis without decreasing the effect 
of circulating androgens. 


With prevention of the important 
negative feedback of estrogens to the 
pituitary and hypothalamus, LH and FSH 
release and GnRH stimulation are 
augmented. Since FSH is extremely important 
for the initiation and maintenance of 
spermatogenesis, an increase in FSH release 
may also further improve sperm production. 
This results in the stimulation of the testis by 
both LH and FSH, released by the pituitary 
gland in response to an increase in 
hypothalamic secretion of GnRH. 


Clomiphene citrate and tamoxifen citrate 
are estrogen receptor blockers that have been 
used as empiric treatments for the idiopathic 
oligospermic male, acting as competitive 
inhibitors of estrogen by reversibly binding to 
estrogen receptors. 


Clomiphene citrate 


Human studies showed that clomiphene 
citrate increased serum gonadotropins and it 
was tested as and continues to be used as a 
fertility drug in women. It was not until the 
1977 report by some authors of a 40% 
pregnancy rate in a group of 32 subfertile men 
treated with 25mg/day that clomiphene citrate 
became a popular drug for male infertility 
therapy. 


More than 30 studies on the effect of 
clomiphene citrate on male reproductive 
function have been published. Approximately 
two-thirds of these studies demonstrate a 
favorable response in seminal variables and/or 
fertility. The remaining studies demonstrated 
no significant difference between clomiphene 
citrate and placebo. 


A consistent findings in a study of 
clomiphene citrate was an increase in serum 
FSH, LH, and testosterone in all men treated 
with this drug. Improvement in sperm count 
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was observed in up to 70% of men treated and 
pregnancy rates ranged from 0% to 40%. 


Patients with normal baseline 
gonadotropin levels, without azoospermia, and 
no evidence of scarring on testicular biopsy, 
appear to be the most likely to respond 
positively to clomiphene citrate. Because an 
occasional patient will demonstrate worsening 
of sperm counts while receiving treatment, it 
is important to follow the semen parameters 
and serum hormonal values on a monthly 
basis. A reasonable starting dose is 25 mg/day. 
Some men appear to be exquisitely sensitive to 
clomiphene citrate, whereas others may 
require higher doses before an appropriate 
hormonal response is obtained. Follow-up 
evaluation of patients receiving clomiphene 
citrate should include endocrine studies 
(testosterone and SH), blood pressure 
monitoring, and semen analysis. The dosage 
should he adjusted in an effort to maximize 
serum FSH levels without increasing serum 
testosterone levels significantly above normal. 


Some authors assessed the effects of 
clomiphene citrate in a group of male partners 
of couples with unexplained infertility. In a 
controlled study of 100 men with normal 
semen parameters, they observed a 
significantly higher pregnancy rate in the 
group receiving clomiphene citrate 25 mg/day 
than in those receiving vitamin C, 58% versus 
16%, respectively. 


Some authors conducted a study of 42 
patients with nonobstructive azoospermia. 
Initial testicular biopsy demonstrated 
maturation arrest in 42.9% and hypo- 
spermatogenesis in 57.1% of patients. 
Clomiphene citrate was administered, with 
the dose titrated to achieve serum 
testosterone levels between 600 and 800 
ng/dL, and semen analyses were performed 
at periodic intervals. In patients remaining 
azoospermic on semen analysis, surgical 
testicular biopsy and sperm extraction were 
performed. After clomiphene citrate therapy, 
64.3% of the patients demonstrated sperm in 
their semen analyses ranging from | to 16 
million sperm/mL, with a mean sperm 
density of 3.8 million/mL Sufficient sperm 
for intracytoplasmic sperm injection (ICSI) 
were retrieved by testicular sperm extraction 
in all patients, even though 35.7% remained 
azoospermic. This study suggested 


considering a course of clomiphene citrate 
prior to surgical sperm retrieval in patients 
with nonobstructive azoospermia. 


The side effects of clomiphene citrate are 
usually self-limited and may include visual 
disturbances, weight gain, and increased blood 
pressure. Gynecomastia after drug withdrawal 
has also been reported but is rare. 


The overwhelming evidence suggests that 
clomiphene citrate is not an effective 
treatment for idiopathic infertility. 


However, because some patients have 
responded favorably, there may be a subgroup 
of men in whom its use is appropriate. Doses 
should be only 12.5-25mg/day initially to 
avoid an excessive increase in serum 
testosterone. 


Tamoxifen citrate 


Another anti-estrogen agent is tamoxifen 
citrate, which is commonly used in the 
treatment of women with metastatic carcinoma 
of the breast to prevent recurrence after 
surgery or radiation treatment, and as 
prophylaxis for patients at very high risk to 
develop breast cancer. 


Comhaire, in 1976, was the first to study 
this drug as a treatment for male infertility. He 
reported a 20% pregnancy rate after treating 
men with idiopathic oligospermia for 6-11 
months with 20 mg/day. 


Between 1976 and 1993, 12 additional 
uncontrolled studies and four controlled 
studies on the effect of tamoxifen citrate were 
reported. The majority of the uncontrolled 
studies showed an increase in sperm count, but 
very few demonstrated a change in motility or 
morphology. Pregnancy rates ranged from 
17% to 40%. 


None of the controlled studies 
investigating tamoxifen therapy has shown it 
to have any significant effect on pregnancy 
rate. However, further study may reveal a 
subgroup of patients responsive to treatment. 


Aromatase inhibitors 


Aromatase inhibitors block the conversion 
of testosterone to estrogen. Leydig cells within 
the testis co-secrete testosterone and estradiol 
in response to gonadotropin secretion, but the 
major source of circulating estradiol in men is 
from peripheral conversion of androgens to 
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estrogens by the aromatase enzyme in adipose 
tissue. Despite the multiple sources of 
estradiol production, testosterone 
concentrations in the serum of an adult man 
are normally more than 100 fold higher than 
estradiol. As stated earlier, aromatization of 
androgens to estrogens within the 
hypothalamus appears to be necessary for 
steroidal inhibition of hypothalamic GnRH 
secretion. Testolactone lowers serum estradiol 
levels in men through the inhibition of the 
aromatase enzyme and does not have any 
intrinsic androgenic or estrogenic activity. 
Like tamoxifen, testolactone was originally 
used in the treatment of women with 
metastatic breast carcinoma. Testolactone has 
been found to be a safe and well-tolerated 
medication, and subsequently has been tested 
in men with idiopathic oligospermia. 
Testolactone theoretically can improve 
testicular function in two ways. Estradiol 
concentrations within peripheral serum and in 
the testis may be reduced by inhibition of 
estradiol production in adipose tissue and of 
the Leydig cells (potentially the Sertoli cells as 
well), respectively. In addition, testolactone, 
analogous to clomiphene citrate, stimulates 
gonadotropin secretion by the pituitary gland 
by blocking feedback inhibition. 


Infertile men with an abnormally low 
serum testosterone-to-estradiol ration (e.g 10 
and is normally > 100) showed increase in this 
ratio and improvement in semen parameters 
(concentration, motility, morphology) after 
treatment with the aromatase inhibitors 
testolactone (1g/day) or anastrozole 
(1mg/day). Men who are infertile with a low 
serum testosterone-to-estradiol ratio can be 
treated with an aromatase inhibitor. With 
treatment, an increase in testosterone-to- 
estradiol ratio occurred in association with 
increased semen parameters. 


Gonadotropins 
Exogenous gonadotropins, most 
commonly given as human chorionic 


gonadotropin (hCG) or human menopausal 
gonadotropin (hMG), and the newer 
recombinant human FSH now available, have 
been used in the treatment of men with 
idiopathic infertility. The initiation and 
maintenance of spermatogenesis, as well as 
the normal function of the male sex 
accessory glands, depend on the proper 


stimulation of the testis by gonadotropins 
secreted by the anterior pituitary gland. 
Treatment of hypogonadotropic hypo- 
gonadism with exogenous gonadotropins or 
GnRH has produced remarkably good results 
compared with treatment of other male 
infertility problems. The results have led to 
the use of these hormones in subfertile men 
with either normal or elevated basal 
gonadotropin levels. 


Human chorionic gonadotropin is 
comparable to LH in that it stimulates Leydig 
cell secretion of both testosterone and 
estradiol and subsequently suppresses FSH. 
Human menopausal gonadotropin has both 
LH and FSH activity and is the more 
expensive of the two drugs. Both hCG and 
hMG must be administered parenterally, and 
they have been used separately and together 
in various dosing regimens. One of the first 
reported studies using hCG alone, yielded 
surprisingly good results. Among 20 men 
receiving 5000 IU hCG 2-3 limes weekly for 
1-3 months, 60% had improvement in 
seminal parameters, which resulted in a 35% 
pregnancy rate. In contrast, another study on 
the use of hMG alone had disappointing 
results: only 19% of the oligospermic men so 
treated had improvement in seminal 
parameters, and the subsequent pregnancy 
rate was only 13%. 


Dubin and Amelar used hCG (4000 IU 
twice weekly) as an adjuvant therapy in men 
with a baseline sperm count of less than 10 
million/mL, who underwent varicocelectomy. 
Without adjuvant hCG therapy the pregnancy 
rate was only 23%, but it increased to 44% 
when hCG was administered in conjunction 
with varicocelectomy. Using a dose of hCG of 
5000 IU per week, Mehan and Chehval 
confirmed this observation in a study of 40 
men not responding to a varicocele repair and 
six men with an unrepaired varicocele. The 
failed varicocelectomy group who received 
hCG had a 43% pregnancy rate, whereas the 
group with unrepaired varicocele who 
received hCG had a 0% pregnancy rate. 
Although promising, these results have not yet 
been substantiated by a randomized controlled 
study. 


The treatment of idiopathic oligospermia 
with a combination of both hCG and hMG has 
not been very successful. At this point, 
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without demonstration of significantly better 
results, it is hard to justify the expense and 
effort involved in using these agents instead of 
the oral anti-estrogens that achieve a similar 
result by stimulation of endogenous 
production of gonadotropins. However, anti- 
estrogens are contraindicated in patients with 
baseline elevations in gonadotropins, and this 
group may be considered for empiric therapy 
with gonadotropins. 


Gonadotropin-releasing hormone 


Pituitary gonadotropin secretion is also 
increased with the use of the synthetic analogs 
of GnRH. These agents have been shown to 
produce better results than hCG and hMG in 
the treatment of hypogonadotropic hypo- 
gonadal men, and have been studied in men 
with idiopathic oligospermia. These drugs 
have a very short biologic half-life and thus 
require either frequent administration (intra- 
nasally or by subcutaneous injection) or the 
use of a portable pump for pulsatile 
subcutaneous infusion. 


A prospective trial of a GnRH analog for 
the treatment of — oligoasthenospermia 
demonstrated a Statistically significant 
improvement in both sperm concentration and 
motility as compared to results in the group 
treated with clomiphene citrate. 


Because of the enormous expense of 
GnRH and the lack of specific dosage 
recommendations, this form of therapy should 
be used only in clinical trials. 


Androgens 


Earlier studies reported improvement in 
sperm motility with mesterolone 25mg/day, 
although pregnancy rate was low. The more 
recent studies on the efficacy of androgen 
therapy for the management of idiopathic 
male-factor infertility have used significantly 
higher doses of mesterolone or testosterone 
undecanoate. Three randomized prospective 
controlled studies have been published, and all 
of them were negative. Seminal variables were 
not significantly altered during the course of 
therapy, and pregnancy rates were either 
similar to or lower than those of similar 
patients receiving placebo. It is for these 
reasons that oral androgens are not 
recommended in the treatment of the infertile 
male. 


Testosterone-rebound therapy 


Exogenous testosterone therapy can 
produce azoospermia or severe oligospermia 
through the inhibition of gonadotropin 
secretion. It is for this reason that exogenous 
testosterone should never be administered in 
men desiring fertility. "Testosterone-rebound 
therapy" is based on the theory that after the 
withdrawal of testosterone therapy, 
spermatogenesis will resume within four 
months, and the sperm count may be even 
higher. Some authors noted improvement in 
spermatogenesis in oligospermic men after a 
course of suppression with testosterone. 
Subsequent studies demonstrated 
improvement in seminal variables in 20-67% 
of men so treated, and pregnancy rates 
ranging from 14% to 41%. Suppression of 
spermatogenesis has been induced with either 
testosterone ester injections given weekly 
(200 mg) or combined testosterone ester 
injections (200 mg every third week) and 
high-dose oral androgens (norethandrolone. 
20 mg/day). Unfortunately, from 4% to 8% of 
patients have had lower sperm counts after 
therapy, and azoospermia persisted in some 
patients. 


However, the only controlled study of 
testosterone-rebound therapy was performed 
in a very small group of patients and did not 
show any efficacy of this form of treatment. It 
is for this reason, together with the 
overwhelming evidence that exogenous 
testosterone is in fact detrimental to sperm 
production, that this form of empiric medical 
therapy has been abandoned by the medical 
community and has not been the subject of 
further study in recent years. Exogenous 
testosterone should therefore not be used in 
men desiring of fertility. 


Miscellaneous-treatments 
L-carnitine 


L-carnitine has long been studied as a 
potential pro-fertility agent. There are some 
data to support its role as an antioxidant. Men 
with idiopathic infertility have been shown to 
have low levels of seminal carnitine. A 
number of uncontrolled studies have 
demonstrated reasonable results in infertile 
men and the drug has been a popular 
supplement during the past 10 years. A recent 
randomized controlled study showed modest 
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improvement in sperm motility and a 20% 
pregnancy rate in men with idiopathic 
asthenozoospermia. However, another recent 


controlled study showed no statistically 
significant improvement. 
Kallikrein 


A study reporting improvement of semen 
parameters by the use of Kallikrein enzyme 
600KU/day in infertile males has not been 
substantiated by two more recent studies that 
showed no significant benefit of Kallikrein 
over placebo. 


Indomethacin 


Prostaglandins have been shown to have 
an inhibitory effect on testicular 
steroidogenesis and spermatogenesis in vivo 
and on sperm motility in vitro. These 
observations suggest that prostaglandins may 
play a role in both testicular function and 
sperm maturation. Although the mechanisms 
are unclear, most of the evidence demonstrates 
an inhibitory influence of prostaglandins on 
reproductive function. Therefore, suppression 
of prostaglandin synthesis with non-steroidal 
anti inflammatory drugs has been suggested as 
a form of therapy for sub-fertile men. 


One controlled study has suggested an 
increase in FSH, LH, and testosterone levels in 
men treated with both indomethacin and 
ketoprofen. Prostaglandin levels in the seminal 
fluid decreased as well. With 75mg/day of 
indomethacin, there was a significant increase 
in both sperm count and motility, and the 
pregnancy rate was 35%. This is an 
interesting, inexpensive, and relatively 
nontoxic form of therapy, the only adverse 
side effect being gastritis. Further study is 
required to identify the patients best suited for 
this form of therapy. 


Glutathione 


Glutathione is a simple naturally 
occurring, three-amino-acid compound that is 
thought to act as an antioxidant and prevent 


lipid per-oxidation. For this reason, 
glutathione therapy has been used in various 
pathologic conditions in which reactive 
oxygen species are thought to play a 


pathogenic role. 


Forty men were randomized between 
placebo and intramuscular glutathione therapy 
using 600mg every other day for four months. 


Significant improvement in sperm motility 
was observed in the glutathione group, but 
pregnancy rates were not reported. 
Glutathione is a safe but cumbersome form of 
empiric medical therapy. 


Zinc 


Semen is normally rich in zinc, as 
contributed by prostatic secretions. It has been 
suggested that the administration of exogenous 
systemic zinc to malnourished men can 
improve sperm production. 


Although it has been shown to potentially 
increase the sperm count in both fertile and 
infertile men, exogenous zinc treatment is 
probably of little benefit except in the 
presence of zinc deficiency, and high doses 
may have a detrimental effect overall on 
sperm function. 


Vitamins C, E, A, and other antioxidants 


Reactive oxygen species (ROS) include 
free radicals, oxygen ions and peroxides and 
are found at high levels in up to 40% of 


[505] 


infertile men. ROS are usually not found in 
the semen of fertile men. Vitamins such as 
vitamin C and E, as well as pentoxifylline and 
allopurinol, are known to have antioxidant 
activity. It has also been shown that infertile 
men as well as male smokers have low levels 
of ascorbic acid in their semen, which can 
contribute to their infertility. It is for this 
reason that supplementation with these agents 
has been proposed to decrease the endogenous 
oxidative damage to sperm. 


It is important to note, however, that low 
levels of superoxide anion may in fact be 
important to the acrosome reaction and 
thereby critically affect ability to fertilize. No 


randomized, controlled studies have 
demonstrated a benefit of systemic 
administration of antioxidant on male 
infertility. Administration of high-dose 


antioxidants has potential beneficial effect on 
male fertility, bill also has theoretical adverse 
effects. It is for this reason that their use 
should be limited to low or moderate doses 
only. 


Section 10: Treatment of male infertility 


Chapter 62: Surgical treatment of male infertility 


Varicocele infertility 
See chapter 44. 


Ejaculatory duct obstruction 
See chapter 41. 


Vasovasostomy and 


epididymostomy 


vaso- 


Anatomy, physiology, and pathology of the 
excurrent ductal system 


To secure an understanding of the surgical 
procedures utilized to restore patency of the 
excurrent ducts, it is critical to understand the 
anatomy and physiology of the male 
reproductive system. Spermatozoa are 
produced within the seminiferous tubules and 
released into the lumen. The terminal ends of 
these tubules drain into the rete testis, an area 
within the posterior mediastinum of the testis 
where a network of anastomosing ducts 
consolidates into the efferent ducts. These 6-8 
efferent ducts derive from the degeneration of 
the mesonephric duct and become the caput, 
or head, of the epididymis. This marks the 
beginning of the epididymal tubule, a highly 
convoluted thin-walled structure measuring 
approximately 6m in length, tightly coiled to a 
4-5 cm long structure that is positioned 
posterior and lateral on each testis. The 
epididymis is divided into the head or caput, 
the mid-body or corpus, and the tail or 
cauda. At the termination of the cauda 
epididymidis, the tubule is invested with a 
thick muscular wall marking the beginning of 
the vas deferens. During ejaculation, the 
sympathetic nervous system mediates 
contractions of the muscular wall of the vas, 
propelling sperm toward the ampulla of the 
vas. The vas deferens traverses the inguinal 
canal and enters the retro-peritoneum, where it 
crosses in front of the ureter and behind the 
medial umbilical ligament. Within the retro- 
vesical space it becomes more dilated to form 
the ampulla of the vas. The terminal narrow 
segment, the ejaculatory duct, enters the 
prostate and ends in the prostatic urethra in the 
verumontanum. 
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The epididymis provides four vital 
functions: sperm maturation, transport, 
concentration, and storage. It is in the area of 
sperm maturation that the epididymis has the 
largest potential implication for microsurgical 
outcomes. While the exact mechanism of 
epididymal-derived maturation remains 
unknown, it is well recognized that transit 
through the proximal portion of the 
epididymis is critical to sperm function (i.e., 
fertilization potential). Animal studies have 
shown that the increase in progressive sperm 
motility and fertilizing capability is 
dramatically greater in sperm taken from the 
cauda than from the caput epididymidis. 
Similar work in humans has shown that the 
chances for fertility after vaso- 
epididymostomy increase with the length of 
the epididymis that the sperm were able to 
transit. The cauda epididymidis does not 
appear to have a significant role in sperm 
development but does function as an area of 
sperm storage before ejaculation. 


Obstruction may occur anywhere along 
the course of the excurrent ducts. The 
etiologies of obstruction are often divided by 
their causative nature into congenital, 
inflammatory, traumatic, iatrogenic, and 
idiopathic. In the setting of congenital 
obstruction, there often may be hypoplasia of 
the seminal vesicles or absence of the vas 
deferens and a major portion of the distal 
epididymis. This condition, called vasal 
agenesis, can be unilateral or bilateral. 
Approximately two-thirds of men with 
bilateral vasal agenesis will be found to have 
at least one genetic mutation that is observed 
in the cystic fibrosis population (CFTR or 
cystic fibrosis transmembrane regulator gene). 
Most of these patients have no phenotypic 
manifestations of cystic fibrosis. Because of 
the associated absence of the seminal vesicles 
in conjunction with bilateral vasal agenesis, 
they will have  low-ejaculate-volume 
azoospermia with semen that does not 
coagulate, as well as low or absent fructose in 
the seminal plasma. Most of these patients are 
candidates for surgical or percutaneous sperm 


harvesting and 


injection. 


intracytoplasmic sperm 


In contrast, obstruction of the excretory 
ducts secondary to infection may be surgically 
correctable. Tuberculous epididymitis is rare 
and can result in epididymal occlusion and 
azoospermia. Prompt antituberculous therapy 
potentially can maintain a man's fertility and 
obviate the need for microsurgical repair. 
Gonorrheal epididymitis was a frequent cause 
of obstructive epididymitis in the past, 
although this has become relatively rare in the 
antibiotic era. Today, it is more common to 
have epididymal scarring as a result of 
bacterial epididymitis from organisms such as 
Chlamydia. 


Trauma to the epididymis is a relatively 
uncommon cause of an epididymal 
obstruction, but it may occur as a result of 
blunt or penetrating injury. Iatrogenic injuries 
are more common, occurring after procedures 
such as spermatocelectomy, hydrocelectomy, 
or even testis biopsy. 


Elective vasectomy is the leading cause of 
obstructive azoospermia and subsequent 
infertility. While usually a single, focal 
obstructive site, the development of high 
intraluminal pressures after a vasectomy can 
result in rupture of the delicate epididymal 
tubule, with secondary obstruction in the 
epididymis. This phenomenon is more 
frequent in patients who under 
went their vasectomy more than 10 years 
earlier, and in those who have had a prior 
unsuccessful vasectomy reversal procedure. In 
a similar fashion, long-term obstruction 
associated with iatrogenic vasal injuries from 
prior surgery such as pediatric inguinal 
hermorrhaphies can also result in secondary 
epididymal obstructions. Men with obstruction 
of the excretory ducts proximal to the 
ejaculatory ducts will have normal-volume 
azoospermia and normal testicular size. 
Leydig cell function, serum follicle- 
stimulating hormone (FSH), and luteinizing 
hormone (LH) levels usually will be normal. 
Despite these findings, restoration of genital 
tract patency does not always restore fertility. 
Growing evidence supports the belief that 
adverse testicular histology develops after 
vasectomy in most species studied. 


A variety of histologic findings in the 
testes of vasectomized men have been 
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reported to include degeneration of 
spermatids, thickened basement membranes 
and increased phagocytosis by Sertoli cells. 
Quantitative morphometric analysis of 
testicular histology in men after vasectomy 
has revealed dilation of the seminiferous 
tubules, interstitial fibrosis, and reductions in 
the seminiferous cell population. A more 
recent study confirmed these findings, and 
demonstrated that the severity of the 
interstitial fibrosis inversely correlated with 
vasovasostomy outcomes. Regardless of the 
mechanism, it is becoming clear that 
vasectomy induces permanent changes in the 
testes that may inhibit the restoration of 
fertility in some patients. 


Reconstructive procedures 
Preoperative assessment 


Prior lo considering a surgical procedure, 
all patients should have a complete medical 
history and physical examination. The history 
should include an assessment of any prior 
conceptions with current or prior partners. 
Prior history of childhood inguinal or scrotal 
surgery can provide important information 
regarding possible site and cause of genital 
tract obstruction. A history of epididymitis or 
sexually transmitted infection can suggest an 


occult epididymal obstruction. Physical 
examination should include a careful 
assessment of the scrotal contents with 
documentation of testicular size and 


consistency. The vas deferens should be easily 
palpable and assessed for thickness and 
induration. The epididymides should be 
palpated for induration. In the patient who has 
not previously had a vasectomy, at least two 
semen analyses should be obtained to 
document normal-volume azoospermia. In 
addition, serum FSH and testosterone levels 
should be evaluated to document a normal 
hypothalamic-pituitary-gonadal axis. Patients 
who have atretic or non-palpable vas deferens 
should be tested for gene mutations in the 
cystic fibrosis transmembrane regulator gene. 
Partners of surgical candidates should have a 
gynecological evaluation to ensure that there 
are no concurrent female -factor fertility 
problems or general health issues that need to 
be corrected, or that contraindicate the 
establishment of a pregnancy. 


Men requesting a vasectomy reversal 
require no further work-up or additional 


procedures as long as heir scrotal examination 
reveals at least one normal-sized testicle and 
they have not developed any fertility- 
impacting medical conditions since their 
vasectomy. If there is any question regarding 
the presence of normal sperm production, a 
testis biopsy may be performed in advance of 
the reconstruction. 


For men who have not previously had a 
vasectomy, proof of adequate sperm 
production can be provided from a testis 
biopsy at the same time as the planned 
reconstruction. A vasogram can also be 
performed to confirm patency or obstruction 
of the vas deferens and/or ejaculatory duct. A 
vasogram can easily be obtained by isolating 
the straight portion of the vas deferens and 
passing a 30-gauge lymphangiogram needle 
directly into the lumen. Alternatively, the vas 
can be carefully hemi-transected and a 24- 
gauge angio-catheter inserted into the vas 
lumen. A one-to-one mixture of 5 mL of 
contrast (Renografin 60°) and saline is injected 
in the vas in an antegrade fashion. A common 
practice is for the surgeon to cannulate the 
abdominal vas deferens and perfuse with 
saline, for example with a 24-gauge Angiocath 
catheter attached to a syringe. If the fluid 
flows easily, abdominal vasal patency is 
confirmed and radiography is not required. 
Likewise, the surgeon may pass a 
monofilament non-absorbable suture, such as 
4-0 Prolene, through the abdominal vas to 
confirm patency without radiography, and if 
obstruction is encountered, its precise position 
may be determined by the length of suture 
passed. A radiograph is obtained to confirm 
patency of the vasa deferentia, seminal 
vesicles, and ejaculatory ducts. The vasogram 
should not be performed before the time of 
definitive reconstruction, since this may cause 
scarring of the vas and render subsequent 
reparative surgery more difficult, 


Intra-operative sperm cryopreservation 
can be offered to patients as part of their 
preoperative counseling. It is easily performed 
in conjunction with a reconstruction, and 
offers the potential for assisted reproduction if 
the anastomosis should fail and they remain 
azoospermic. 


Type of reconstruction: 
versus vaso-epididymostomy 


vasovasostomy 


While most men with primary excurrent 
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ductal obstruction will be obstructed at the 
level of the epididymis and can only be 
corrected with a vaso-epididymostomy, 
patients who have had a vasectomy can be 
obstructed at the level of the prior vasectomy 
site as well as within the epididymis. The 
choice of reconstruction in vasectomized men 
depends on a number of factors including the 
obstructive interval, the quality of the fluid 
front the proximal vas at the time of surgery, 
and the surgeon's microsurgical experience. 
Epididymal obstruction rarely occurs within 
four years of a vasectomy, but is present in 
more than 60% of patients on one or both 
sides after 15 years of vasal obstruction. The 
absence of fluid, or thick. viscous, paste-like 
fluid, is indicative of an epididymal 
obstruction, and such patients require a vaso- 
epididymostomy for their reconstruction. 


Operative planning 
Microsurgical reconstructions are 
typically performed as an ambulatory 


outpatient procedure. For vasectomy reversal 
when the obstructive interval is shorter (less 
than 10 years), it is reasonable to perform the 
surgery under local anesthesia with sedation, 
since it is unlikely to require a vaso- 
epididymal anastomosis. The skin is injected 
with 1% lidocaine. Once the vas is isolated, 
0.25% bupivacaine is injected into the vasal 
sheath to allow an extended duration of 
anesthesia. In the setting where a vaso- 
epididymostomy is contemplated, or in 
patients whose level of anxiety might make a 
local anesthetic procedure problematic, a 
general anesthetic or continuous epidural 
anesthesia is preferred. 


At the start of the procedure, the vas is 
isolated over the vasectomy defect using a 
towel clip through the scrotal skin. A vertical 
surgical incision is centered over each 
hemiscrotum to allow for extension into the 
groin if more extensive mobilization of the 
vas is required. In the case where a 
vasovasostomy is anticipated, these incisions 
are 1-2cm in length to allow only the vas 
ends lo be delivered through the skin incision. 
If a vaso-epididymostomy will be required, or 
if a long vasal defect is appreciated, longer 
skin incision is made to allow delivery of the 
testis. 


Vasovasostomy reconstructive techniques 


Vasovasostomy may be performed using 


optical loupes or an operative microscope. 
Two of the most widely accepted techniques 
are the modified one-layer and the multilayer 
vasal anastomosis. These methods have 
proved to be equally effective with regard to 
patency and pregnancy when performed by an 
experienced surgeon. The — one-layer 
anastomosis is useful when the vasovasostomy 
is to be performed in the straight portion of the 
vas deferens and there is minimal discrepancy 
in luminal size between the proximal and 
distal ends. The multilayer technique offers 
great precision in approximating the lumen of 
each end of the vas, particularly when there 
are widely discrepant luminal diameters. 


Complex vassal reconstructions 


Special approaches for reconstruction are 
indicated when the vasal obstruction is outside 
of the scrotum, or when a solitary functioning 
testis has an irreparable ductal system or no 
ductal system in conjunction with a poorly 
functioning contralateral testis that has normal 
ductal anatomy. Extra-scrotal vasal 
obstruction is most commonly associated with 
vasal injury from hernia repairs occurring in 
infancy or early childhood. Recently, there 
have also been reports noting vasal obstruction 
from laparoscopic and open mesh 
herniorrhaphies in adults. Pediatric surgical 
injuries are not usually noticed at the time of 
injury but diagnosed decades later when the 
patient reaches reproductive age. As many as 
27% of subfertile male patients with a history 
of childhood inguinal hernia repair have 
unilateral vas deferens obstruction from 
Injury. If only one vas is obstructed and the 
contralateral testis and vas are functioning 
normally, the patient's fertility may be 
unimpaired and the obstruction never 
diagnosed. If there are bilateral injuries to the 
vas or a hypo-functioning contralateral testis, 
repair of the vas deferens in the inguinal canal 
or retro-peritoneum is indicated. If this repair 
cannot be performed, because of absence of or 
severe damage to the vas, consideration should 
be given to performing a crossover procedure 
to utilize a contralateral normal ductal system 
to drain the obstructed testis. 


Occult vasal injury is suggested by a 
history of pediatric inguinal or retroperitoneal 
surgery in conjunction with a normal-sized 
testis and a distended or indurated epididymis. 
The scrotal vas deferens may feel normal or 
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thickened. At the time of surgical correction, a 
testis biopsy is indicated to confirm active 
spermatogenesis in the normal-size testis. A 
vasogram will demonstrate a dilated vas 
lumen ending blindly at the level of the 
internal ring or in the retro-peritoneum. To 
locate the proximal end of the vas deferens, an 
incision should be made parallel to the 
inguinal canal and over the area of the internal 
ring. 


The proximal end of the vas can be 
isolated and a 6-0 nylon holding suture placed 
in the sero-muscular layer to allow easy 
identification of the lower portion of the vas. 
Usually a fibrous band extends from the end 
of the vas, and, if followed carefully, this will 
lead to the abdominal end of the vas deferens. 
Once the distal and proximal vasal ends have 
been mobilized with their vascular pedicles, 
the ends are brought to the skin level for a 
single or multilayer vasovasostomy. Prior to 
this procedure, fluid from the testicular end of 
the vas deferens is examined for sperm. As 
with vasectomy reversal patients, there may be 
secondary epididymal obstructions. If no 
sperm are seen, the inguinal vasovasostomy 
can still be performed, with the understanding 
that the patient may require a subsequent vaso- 
epididymostomy in 3-6 months if he has 
persistent azoospermia. Inguinal 
vasovasostomies are challenging surgical 
procedures, largely because of the dense 
fibrotic reaction that may encase the vasal 
ends, making it difficult to mobilize an 
adequate vasal length. One group utilizes 
laparoscopic mobilization of the vas deferens 
to facilitate the inguinal anastomosis. Inguinal 
reconstructions can have patency and 
pregnancy rates that are comparable to those 
with scrotal vasovasostomies. 


Vasovasostomy results 


Microsurgical vasovasostomy with either 
a single-layer or multilayer technique 
produces superior results with regard to both 
patency and pregnancy when compared with 
surgery done without magnification. 


A variety of preoperative and intra- 
operative factors have been identified that can 
affect the success rate for vasovasostomy. In a 
large multicenter review of vasectomy reversal 
procedures, some authors related the time of 
obstruction to the success of the surgery. 
Patients with a short obstructive interval (< 3 


years) had a patency rate of 97% and a 
pregnancy rate of 76%. Patients with long 
interval (> 15 years) had lower results (71% 
and 30%, respectively). 


The partner's age is an additional factor 
that affects the eventual success of vasectomy 
reversal. The pregnancy rate was 64% in 
partners who were less than 30 years of age 
and dropped progressively to 28% in women 
aged 40 or older. The overall pregnancy rates 
seemed to favor vasectomy reversal over 
intracytoplasmic sperm injection until spouses 
were over age 35, when both techniques were 
associated with dropping success rates. 


Intra-operatively, vasal fluid quality is a 
predictor of eventual outcome. When clear 
fluid with motile sperm was noted at the time 
of surgery, 94% of patients had a return of 
sperm to their ejaculate, as opposed to only 
‘60% when no sperm were noted in the vasal 
fluid. When sperm were absent from the intra- 
operative vasal fluid, patency and pregnancy 
results correlated with characteristics of vasal 
fluid with copious clear fluid denoting the best 
outcomes. The absence of fluid or a thick, 
inspissated fluid suggests an epididymal 
obstruction, and a vaso-epididymostomy 
should be considered. 


Vaso reconstructive 


techniques 


epididymostomy 


Once the vasa are proved patent and the 
testis shown lo be actively producing sperm by 
biopsy, the blockage must the somewhere in 
between these structures. Obstruction at the 
rete testis or the efferent ducts ("empty 
epididymis syndrome") is uncommon. In 
most, the obstruction will be found within the 
epididymis and therefore is potentially 
correctable. After delivery of the testis and 
epididymis through a vertical scrotal incision, 
the epididymis is examined, and often the site 
of obstruction is readily apparent because of a 
sudden change in caliber of the tubule from 
distended to flat. Sometimes, the area of 
obstruction is demarcated by a blue-brown 
discoloration just beneath the epididymal 
tunic. This lipofuchsin stain represents sperm 
extravasation and breakdown near the site of 
obstruction. Ultimately, the area of obstruction 
must be confirmed by examination of the fluid 
within the epididymal tubule. Beginning in the 
tail of the epididymis, exploration is carried 
out systematically, moving proximal until 
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normal-appearing motile or non-motile sperm 
are found. To do this, a 1cm incision is made 
in the epididymal tunic using curved micro- 
scissors. This window allows exposure of 
multiple epididymal tubule loops. A single 
loop is identified and carefully isolated from 
the surrounding tubules. The method of 
opening the tubule is determined by the choice 
of anastomotic technique, as will be described 
below. 


The technique of end-to-end single 
tubule anastomosis, represents the first true 
microsurgical approach to vaso-epididymal 
reconstruction. With this method, the end of 
the epididymis was serially cut off until 
reaching a point just above the obstruction 
identified by free flow of sperm-containing 
fluid from a single cut tubule. The cut end of 
the distal vas was then brought into opposition 
with the portion of the cut tubule exuding 
sperm. 


Others described a modification to this 
technique using an end-to-side anastomosis. 
This circumvented some of the problems with 
the end-to-end technique since it did not 
require resection of the epididymis while 
facilitating identification of the patent 
epididymal tubule and minimizing bleeding. 


Most recently, intussusception vaso- 
epididymostomy, with several subsequent 
modifications has been gaining popularity. 
The intent of this technique is to allow the 
precision of the standard  end-to-side 
anastomosis while simplifying and minimizing 
the micro-suture placement. It differs from the 
end-to-side technique in that the lumen is 
opened after the sutures are positioned in the 
epididymal tubule and, once opened, the loop 
is drawn into the vassal lumen with the sutures 
rather than approximated to it. 


Vaso-epididymostomy results 


Vaso-epididymostomy results vary 
significantly, depending on the experience 
level of the surgeon, the level of the 
epididymal obstruction, and the reproductive 
capacity of the partner. Patency rates were 39- 
84% and pregnancy rates were 13-46%. 
Unlike = vasovasostomies, which may 
demonstrate patency within weeks of surgery, 
vaso-epididymostomy patients may only begin 
to have sperm in their ejaculate 3-6 months 
after surgery, and even longer in some cases. 
For this reason, vaso-epididymal anastomoses 


are not judged to be technical failures until 
at least 12 months have elapsed. 


Microsurgery in the era of assisted 
reproduction 
An analysis of microsurgical 


reconstruction would not be complete unless 
placed in the context of developments in 
assisted reproductive technologies. Palermo et 
al. reported the first pregnancies from 
intracytoplasmic sperm injection in 1992, and 
its use has revolutionized the management of 
some causes of male infertility. The success of 
the technique has driven some to suggest it for 
treatment of all causes of infertility, regardless 
of etiology. However, to do so would overlook 
a variety of safety issues related to ovulation 
induction, including ovarian hyperstimulation, 
which, while fortunately rare, can be a life- 
threatening complication. A safety issue of 
more significance relates to the high incidence 
of multiple births, with the associated costs 
and complications of these pregnancies, as up 
to 40% of these pregnancies are twins, triplets, 
or even higher order. While there does not 
appear to be a significant increase in the major 
chromosomal malformation rate, there remain 


troubling reports concerning a higher 
incidence of minor malformations in the 
children resulting from intracytoplasmic 


sperm injection. It remains to be seen if this 
elevated risk is related to the treatment itself, 
or to underlying genetic issues in the patients 
choosing assisted reproduction. Additionally, 
economic analyses strongly favor the use of 
microsurgical reconstructions over 
intracytoplasmic sperm injection for the 
treatment of the majority of patients with 
obstructive azoospermia. 


Surgical sperm retrievals 
Introduction 


Surgical sperm retrieval techniques are 
performed in view of intracytoplasmic sperm 
injection (ICSI) procedures. Mainly based 
upon when they were introduced into clinical 
practice, they may be classified as follows: 


From the epididymis: microsurgical 
epididymal sperm aspiration, percutaneous 
epididymal sperm aspiration. 


- From the distal seminal tract: seminal tract 
washout, microsurgical vas deferens sperm 
aspiration. 
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- From the testis: percutaneous testicular 
sperm aspiration or testicular fine needle 
aspiration, testicular sperm extraction, 
microsurgical testicular sperm extraction. 


Nowadays, sperm retrieval from the distal 
seminal tract is virtually no longer used, and 
retrieval techniques from the epididymis are 
indicated only for certain cases of obstructive 
azoospermia. 


However, in all cases of azoospermia, 
testicular sperm retrievals are strongly 
preferred, even though each procedure has its 
correct indications. 


Surgical retrievals from the 


epididymis 


sperm 


Micro-surgical epididymal sperm aspiration 
(MESA) 


Introduction 


Microsurgically aspirated spermatozoa 
from the epididymis are used for in vitro 
fertilization (IVF) as a therapeutic option in 
patients with irreparable obstructive 
azoospermia (OA). The use of these 
spermatozoa with ICSI led to increased 
fertilization and pregnancy rates compared to 
their use with conventional IVF. Today, 
micro-epididymal sperm aspiration (MESA) 
with ICSI is an established treatment for OA, 
especially in congenital bilateral aplasia of the 
vas deferens (CBAVD), in inoperable 
obstruction of the seminal tract, in ejaculatory 
disorders where conservative therapy was 
unsuccessful, and in cases of failed 
vasovasostomy and/or vaso-epididymostomy. 


Technique 


MESA consists of microscopically guided 
aspiration of spermatozoa under general or 
spinal anesthesia. The technique involves 
incising the scrotum, opening the tunica 
vaginalis, and exploring the scrotal content. 
The epididymal tunica is incised under the 
operating microscope and a dilated epididymal 
tubule (preferably in an avascular area) is 
selected, isolated, and incised longitudinally 
using micro-scissors or a micro-knife. The 
tubule opening must be clean; therefore, a 
thorough hemostasis must be performed, using 
a bipolar thermal device, to avoid 
contamination with blood cells that may affect 
in vitro sperm fertilizing capacity. 


Spermatozoa in the fluid emerging from 
the open tubule are checked by touching it toa 
glass slide, adding a drop of Ringer's solution, 
covering it with a cover-slip, and examining it 
fresh in the operating room using a phase 
contrast microscope (400 x magnification); 
alternatively, a 10uL drop of epididymal fluid 
is aspirated and put into a Makler™ chamber 
to check for motile spermatozoa. Once sperm 
has been found, actual aspiration from the 
open epididymal tubule is performed using 
either a 24-G cannula mounted onto a 1-mL 
syringe and containing gamete culture medium 
or a glass micropipette with 350u ground tip. 
Some authors prefer to use a dry micropipette 
that allows retrieval of an adequate amount of 
sperm simply due to a capillary effect aided by 
gentle pressure on the epididymis. The 
aspirated spermatozoa are then diluted in 2 to 
3 mL of suitable medium-usually buffered 
Earle's medium or human tubular fluid 
medium (HTFM)-in a pre-filled Eppendorf 
chamber. 


The epididymal tubule is closed using 9- 
0, 10-0, or 11-0 monofilament nylon sutures. 
If the attempt to retrieve motile spermatozoa is 
unsuccessful, further attempts may be made in 
a cranial direction, if necessary, as far as the 
efferent ductules. The most motile 
spermatozoa are usually found either inside 
the tubules of the proximal portion of the 
caput epididymis or inside the vasa efferentia, 
and therefore some authors prefer to use 
epididymal sperm obtained by MESA from 
the caput tubules, which is thought to provide 
better results as for the delivery rates. 


The space between the two folds of the 
tunica vaginalis may be filled with heparinized 
saline and the scrotum closed with 3-0 
Vicry’™ uninterrupted suture. Once the sperms 
have been collected, they may be utilized 
either fresh or cryopreserved for subsequent 
use in order to avoid repeating the procedure. 
Fresh or frozen-thawed epididymal 
spermatozoa are applied to a two-layer Percoll 
gradient and then processed like ejaculated 
semen. 


To minimize the costs and morbidity of 
MESA, some authors modified the original- 
technique, devising mini-micro-epididymal 
sperm aspiration (Mini-MESA): under local 
anesthesia, a 1cm scrotal incision is performed 
and the dilated tubules suitable for aspiration 
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are exposed and identified under 25x 


magnification. 


MESA is typically performed bilaterally 
while Mini-MESA is dome unilaterally and if 
adequate amounts of motile sperm as not 
obtained, the procedure is repeated on the 
contralateral side. 


Complications 


Complications of MESA are extremely 
rare and similar to those related to any scrotal 
exploration, such as pain, hematoma, and 
infection. Antibiotic prophylaxis may be 
advisable. In addition, when MESA is 
performed in patients with cystic fibrosis or 
CBAVD, transmission of a mutated Cystic 
Fibrosis Transmembrane conductance 
Regulator (CFTR) gene is inevitable; genetic 
counselling must therefore be offered to men 
with CF (and CBAVD) and to their partners 
before performing assisted reproductive 
techniques. 


Results 


In OA patients, MESA is effective in 
retrieving sperms in over 90% of cases, and 
success rates (mainly in terms of pregnancy 
rates per cycle) are not related to the cause of 
obstruction. Regarding fertilization and 
pregnancy rates per cycle, results are 
comparable to those obtained with ejaculated 
sperm, with clinical pregnancy rates about 
40%, and up to over 60% in some surveys. In 
addition, no significant differences in these 
rates emerge using fresh as opposed to frozen 
material. Sperm cryopreservation facilitates 
organization of the procedure, avoiding the 
need to proceed simultaneously with oocyte 
retrieval, with obvious advantages for the 
couple and the medical team. 


percutaneous epididymal sperm aspiration 
(PESA) 


Introduction 


An alternative to MESA is percutaneous 
epididymal sperm aspiration (PESA), aimed at 
reducing the technical difficulty, invasiveness, 
time, and cost of MESA. As it requires 
specific training in microsurgery, the use of 
MESA is restricted to a limited number of 
centers. PESA has the same indications as 
MESA and may also he used as a diagnostic 
technique to confirm sperm production; its use 
must be limited to those obstructive 


azoospermia (OA) patients where a 
microsurgical re-canalization was excluded a 
priori. 

Technique 


A PESA procedure is relatively simple. 
Following anesthetic infiltration of the 
spermatic cord at the external inguinal ring, 
the caput epididymis is held between the 
surgeon's fingers and a 21G Butterfly™ needle 
is inserted into the epididymis. Negative 
pressure is applied by drawing back the 
plunger of an attached 20-mL syringe. The 
needle tip is moved gently inwards and 
outwards within the epididymis until a column 
of opalescent fluid rises in the needle tubing. 
When a sufficient quantity has been aspirated, 
the needle and the content of the syringe is 
flushed into a sterile Eppendorf tube 
containing the same culture medium used for 
the syringe. 


Complications 


PESA is a relatively safe procedure, hut it 
is not entirely free from complications such as 
epididymal fibrosis, localized pain, and 
intrascrotal hematomas. The risk of the latter 
is potentially greater than with MESA, as 
PESA is a "blind" procedure. 


The considerations made earlier about 
MESA also apply to patients with CF and 


CBAVD undergoing PESA. 
Results 
Despite its extreme simplicity, 


repeatability, and inexpensiveness, the results 
with PESA are overall inferior to those 
obtained with MESA. Actually, in 10% of 
cases no spermatozoa can be retrieved and 
their number is often inadequate for 
cryopreservation. In addition, pregnancy rates 
per cycle (19-34%) are found to be overall 
lower than with MESA. Repetition of PESA 
procedures in the same patients can still be 
successful, and motile spermatozoa are 
retrieved in about one-third of cases, when a 
new procedure is performed following a first 
unsuccessful attempt. 


Vasal sperm retrieval procedures 
Introduction 


They include seminal tract washout 
(STW) and microsurgical vas deferens sperm 
aspiration (MVSA). Both these techniques 
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were originally devised to treat anejaculation 
due to spinal cord injury. Their use was 
subsequently extended lo include the treatment 
of voiding disturbances of the ampullo- 
vesicular tract due to extended retroperitoneal 
lymph node dissection for testicular cancer, 
neurogenic and psychogenic anejaculation, 
and all cases of un-treatable anejaculation. 


Techniques 
STW 


Under a local anesthetic, when necessary, 
a small scrotal incision is performed, the vas 
deferens is exposed either mono- or bilaterally 
and denuded of the surrounding tunicae for a 
short tract, and a snort 25-G Butterfly™ 
needle is inserted into its lumen. The bladder, 
which has been previously voided of urine by 
a catheter, is refilled with 20ml of an 
appropriate medium, such as Ham's solution. 
The seminal tract downstream is then washed 
through the needle with 20 mL of the same 
medium. Sperm-containing medium is 
immediately recovered from the bladder, 
centrifuged, and the pellet prepared according 
to the mini-Percoll technique, which is then 
re-suspended with swim-up up procedure in 
0.5 mL of 10% T6 medium. 


MVSA 


This technique is more complex because 
it requires microsurgical half-transection of 
the vas deferens, direct aspiration of 
spermatozoa from the vas lumen, and 
microsurgical repair of the sectioned vas wall. 


Results 


In cases of untreatable anejaculation, both 
STW and MVSA allow retrieval of great 
amounts of good quality spermatozoa that can 
be cryopreserved and used even for 
conventional IVF with a total sperm count in 
the range of 1 x 10° to 2,430 x 10° for STW 
and of 0.5 x 10° to 252 x 10° for MVSA. 
Using STW, reported pregnancy rates are 25% 
per cycle, while for MVSA the reported 
pregnancy rates are 37%. 


Surgical sperm retrievals from the testis 
Testicular fine needle aspiration 
Introduction and indications 


Testicular fine needle aspiration (TeFNA) 
is indicated in cases of OA, especially when 
no re-canalization surgery is planned. It 


provides almost certain retrieval of sperm for 
utilization in ICSI, which, however, is 
quantitatively inferior and has greater blood 
contamination (therefore is less suitable for 
cryopreservation) compared to TESE, and it 
can be easily repeated with success at each 
cycle. 


Technique 


TeFNA is performed using a 21-G 
Butterfly’ needle attached to a 20-mL plastic 
syringe, used as an aspiration device. Under 
local anesthesia, the needle is directly inserted 
into the testicular tissue various times. Once 
aspiration has been completed, the needle is 
flushed with culture medium into one well of a 
four-well plate. The procedure may be 
repeated several times. After needle removal, 
maintaining a moderate pressure where the 
needle was inserted is advisable, in order to 
facilitate hemostasis. 


Results 


Sperm retrieval is routinely possible in 
OA, but the conventional freezing procedure is 
not appropriate for spermatozoa obtained by 
TeFNA because of their very low number and 
poor in situ motility. In cases of NOA, TeFNA 
results in very low retrieval rates, such as 
21.1% (median); it is successful almost 
exclusively in cases of severe hypo- 
spermatogenesis. In addition, TeFNA only 
allows a cytological examination, therefore it 
is not suitable for detecting carcinomas in situ 
and testicular malignancies. 


Complications 


The (rare) complications of TeFNA, a 
simple but "blind" technique, include 
hematocele, intratesticular hematoma, and 
accidental puncture of the epididymis that 
might impair the success of any subsequent 
surgical re-canalization. 


In an animal model (rat), TeFNA 
involved severe, progressive and irreversible 
damage of tubules along the needle's path, and 
caused extensive tubular atrophy; on the 
contrary, TESE caused localized scar fibrosis, 
with decreased tubular volume and increased 
interstitial tissue in the adjacent parenchyma, 
but left the rest of the testis unharmed. 


Testicular sperm extraction (TESE) 
Introduction and indications 


Testicular sperm extraction (TESE) was 
first introduced as a sperm retrieval method 
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for ICSI in cases of OA where MESA had 
failed. It was subsequently also used in NOA. 


Ideally, when an invasive diagnostic 
procedure is to be performed on the testis (e., 
testicular biopsy, and scrotal exploration and 
vasography), TESE should also be carried out 
for sperm cryo-preservation in order to avoid 
unnecessary repetition of the procedure in OA 
cases, or unnecessary ovarian stimulation for 
ICSI for women with an NOA partner. 


Technique 


TESE-either as a single extraction (single 
TESE) or as multiple extractions from 
different areas of the testis surface (multiple 
TESE)-may be performed under a local 
anesthetic using one of the following 
techniques: 


- Exposing the testicle completely, along with 
scrotal exploration in case of suspected OA, to 
evaluate the presence of dilated epididymal 
tubules and the possibility of surgical re- 


canalization (tubulovasostomy) to be 
performed at the same time; 

- Using the "window" technique, i.e., 
performing a very-small longitudinal or 


transversal incision of the scrotum. 


In both cases the surgical steps are: 
opening the tunica vaginalis, performing a 
transverse albuginectomy of about 5 lo 10 
mm, forcing out and excising a small quantity 
of testicular tissue, controlling hemostasis 


(bleeding mainly comes from the sub- 
albugineal tiny vessels), closing the 
albuginectomy, the tunica vaginalis, the 


dartos, and the skin. 


Avoiding touching the testis surface with 
gauze and infusing 1.5 mg of betamethasone 
solution inside the vaginal cavity, while 
ending its reconstruction, prevents adhesions 
with the albuginea from forming, making 
repetition of the procedure or subsequent 
surgical re-canalization easier. 


Biological preparation of the removed 
tissue is the same as for Micro TESE. 


Results 


The retrieval of testicular spermatozoa in 
cases of NOA is significantly better- 
quantitatively and qualitatively-with TESE 
than with TeFNA. TESE is the recommended 
procedure to retrieve spermatozoa in NOA 
patients, yielding sperm for ICSI in 52.2% 


compared to 23.0% by TeFNA. In these 
patients a high sperm recovery rate is achieved 
even when repeating TESE. Multiple TESE 
would appear to improve the success rate 


compared 
to single TESE (52.5%). 


Complications 


The very rare complications of TESE are 
those common to any small surgical 
procedure: infection and bleeding with scrotal 
hematomas that rarely require surgical 
drainage. In cases of NOA patients with very 
small testes, testosterone deficiency following 
surgery must be considered. 


Micro-dissection of testicular tissue (Micro 
TESE) 


Introduction and indications 


In an effort to increase the chances of 
finding islands of spermatogenesis in sampled 
tissue, micro-dissection of testicular tissue 
(MicroTESE) was devised. This techniques, 
involving book like opening of the testis 
followed by a careful search fur suitable 
tubules using an operating microscope, allows 
the surgeon to recover sperms in some 
"difficult" cases of NOA. 


Technique 


MicroTESE involves "bivalve" opening 
of the testicle by means of an equatorial or 
longitudinal incision under general or spinal 
anesthesia and removal of single tubules 
observed to have the largest diameter under an 
operating microscope or, in, the absence of 
larger tubules, of those closest to vessels and 
at different depths in the pulp (testicular 
mapping). 

The surgical steps are as follows: 


1. An equatorial incision is performed under 
general anesthesia along three-fourths of the 
circumference. A relatively avascular 
albugineal line is selected for this purpose. 
Micro-coagulation of the few bleeding sub- 
albugineal vessels is performed by a bipolar 
thermal device. 


2. Testicular lobules are carefully separated. 
Individual seminiferous tubules are then 
extracted from either side. About 30 testicular 
draws are usually obtained from each testis. 
Micro-dissection is performed with 18 x to 
24x optical magnification. 
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3. At the end, testicular pulp is gently 
compressed by gauze for 2’ to ensure 
hemostasis. The tunica albuginea is then 
closed with a Vicryl 5-0 continuous suture, 
followed by closure of the tunica vaginalis and 
infusion of a corticosteroid solution inside its 
cavity, and by dartos skin closing. 


The fragments of testicular tissue (TESE) 
or extracted tubules (MicroTESE) are put into 
a Petri dish, in 2 mL HTF medium. Careful 
fragmentation of the tubules by tiny scissors is 
performed, and the fluid is passed through a 
24-G angiocatheter several times, until a 
cloudy suspension is obtained. At the end, the 
fluid is microscopically examined to detect 
spermatozoa and other germ cells. 


Results 


MicroTESE may increase positive 
retrievals in NOA subjects (54-63.4%), and a 
previous failure with TESE does not exclude a 
successful MicroTESE. In fact, successful 
MicroTESE retrievals were reported even in 
the worst histological conditions, such as 
Sertoli cell-only syndrome (SCOS). Compared 
with TESE, MicroTESE was reported to 
achieve higher success rates (54.6% versus 
35.7% in a meta-analysis) and had 
significantly more effective results in patients 
with high follicle stimulating hormone (FSH) 
levels; therefore, at least in these patients 
MicroTESE should be the preferred choice. 


Complications 


With MicroTESE, less testicular tissue is 
removed, thus greatly reducing the risk of 
endocrine deprivation. Moreover, there appear 
to be significantly fewer vascular com- 
plications than with TESE; at six-month 
ultrasound follow-up no parenchymal or 
vascularization abnormalities were reported. 


Predictive factors of sperm retrieval in 
nonobstructive azoospermia 


The only good predictor of successful 
retrieval is testicular histology, which is 
unfortunately the least useful predictor for 
clinicians, since the histological sample is 
usually obtained at the same time as TESE. 


No clear relation was found between 
successful sperm retrieval and serum FSH 
levels or serum inhibin-B levels or testicular 
volume; seminal plasma inhibin-B was 
reported as an independent predictor of a 


positive TESE. Even formulas to calculate the 
predictivity rates with these data, crossed with 
other clinical (age, duration of fertility) and 
hormonal (LH, testosterone, prolactin) 
parameters turned out unhelpful. In fact, a 
very high FSH value and a very low 
testicular volume do not completely exclude 
the possibility of successful retrieval of 
testicular spermatozoa. 


ICSI results in cases of azoospermia 


Finally, in patients with AZFa and AZFb 
microdeletions, no spermatozoa can be 
retrieved. 


ICSI results from surgically retrieved 
spermatozoa are significantly worse in cases 
of NOA compared to OA. The fertilization 
rate is 57.0% versus 80.5%, and the birth rate 
is 19% versus 28% with a higher miscarriage 
rate (11.5% versus 2.5%). A meta-analysis 
confirmed these data. 


In an extensive study on NOA and OA 
couples, some authors reported that multiple 
birth rates were respectively 21% versus 27%, 
overall preterm delivery rates were 38% 
versus 26% and prematurity rates were 24% 
versus 13% for singletons and 86% versus 
54% for twins; early perinatal mortality rate 
was 6.6% versus 1.5%, major birth defects 
were observed in 4% versus 3% of live-born 
babies; prenatal karyotypes showed 7% de 
novo abnormalities in the NOA group versus 
1% in the OA group; however, the differences 
were not statistically significant. 


Literature does not currently show any 
significant differences in ICSI results from 
fresh compared to frozen-thawed spermatozoa, 
though conflicting results have also been 
reported. 


A meta analysis carried out on 17 
heterogeneous, uncontrolled, retrospective 
Studies did not show any statistically 
significant differences between frozen- 
thawed versus fresh spermatozoa from TESE 
with respect to fertilization rate and evolutive 
pregnancy rate, while implantation rate and 
clinical pregnancy rate from fresh 
spermatozoa were significant higher. 


In OA patients, ICSI results from 


testicular or epididymal spermatozoa do not 
show any significant differences. 


To date, there is insufficient evidence to 
recommend any specific sperm retrieval 
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technique for azoospermic men undergoing 
ICSI. Therefore, the least invasive technique 
that can guarantee the highest successful 
sperm retrieval rate must be used in 
azoospermic patients; specifically, TESE or 
MicroTESE for cases of NOA, and TeFNA, 
TESE, or MESA for OA. MESA and TESE 
have become the most popular sperm retrieval 
techniques over the years. If these techniques 
are performed together with cryopreservation 
of extracted spermatozoa, a single surgical 
intervention can provide spermatozoa for 
several ICSI attempts. 


Conclusions: The therapeutic approach in 
azoospermia 


Sometimes, differential diagnosis between 
OA and NOA may still remain unclear despite 
careful clinical history and examination, even 
coupled with noninvasive diagnostic 
investigations (hormones, genital 
sonographies, etc.). In this case, testicular 
biopsy and scrotal exploration are useful and 
should be performed at the same time as 
TESE, cryo-preserving retrieved sperm to 
avoid unnecessary repetition of surgery. 


Only when reconstructive surgery is 
unfeasible in some OA patients (i.e., bilateral 
vas agenesis) should TeFNA (timed at pick up 
for ICSI) be resorted to, anticipating the 
possibility of performing also TESE (and 
possibly MESA) in the rare case of 
unsuccessful retrieval due to technical 
problems, or TESE in the very rare case of 
concomitant spermatogenic damage. MESA 
provides best sperm retrieval quantitatively 
and qualitatively and allows cryopreservation 
(which is almost always impossible with 
TeFNA), thus avoiding repetition of the 
procedure in subsequent ICSI cycles. In OA 
cases where micro-surgical tubulovasostomy 
or vaso-vasostomy cannot be excluded, pre- 
cautionary TESE, just for cryopreservation 
(which is useful in case of failure of 
reconstructive surgery), should be performed 
at the same time as reconstructive 
microsurgery; in fact, TeFNA, PESA, and 
MESA may damage the epididymis and the re- 
canalization outcome. 


On the contrary, in NOA cases resorting 
to TESE (or MicroTESE, especially in cases 
with a more unfavorable retrieval prognosis) 
fore cryopreservation is mandatory, before 
beginning ovarian stimulation of the partner 
for ICSI procedure. 
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Fig. 62.1: A flowchart for treatment of azoospermia. 


Figure 62.1 summarizes a flowchart for treating azoospermia. 


Recommendations 


A testis biopsy aimed to differentiate OA 
from NOA is indicated only in azoospermic 
patients with normal orchidometry and normal 
FSH. 


In OA due to epididymal obstruction 
(CBAVD excluded), MESA and/or TESE and 
sperm cryopreservation should be carried out 
together with a microsurgical seminal tract re- 
canalization. 
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In NOA, TESE (either single, multiple, or 
microsurgical) should be used rather than 
TeFNA due to their quite different chances of 
successful sperm retrieval. 


In NOA with very high FSH, 
microsurgical TESE should be preferred. 


In NOA sperm cryopreservation should 
follow any successful TESE procedure. 


Section 10: Treatment of male infertility 


Chapter 63: Assisted Reproductive Techniques 


(ART): Sperm processing techniques 


Introduction 


Following thorough evaluation of both the 
male and female partners, the physician may 
employ assisted reproductive technologies 
(ART) to increase the chances of a successful 
pregnancy. 


Intrauterine insemination (IUI) is often 
a first-line therapy, especially when the female 
has a documented normal ovulation, and the 
male presents with deficits in sperm 
concentration and/or motility. In-vitro 
fertilization (IVF) and/or intracytoplasmic 
sperm injection (ICSI) is most commonly 
utilized when there are severe deficits in 
sperm parameters, including questionable 
sperm fertility potential or long-standing, 
unexplained infertility of either male or female 
origin, or both. 


The purpose of this chapter is to discuss 
methods of preparation of spermatozoa for IUI 
as well as other ART techniques. 


Sperm transport in the female 


reproductive tract 


When mature sperm leave the epididymis 
and vas deferens, a process called emission, 
they are mixed with glandular secretions and 
form the ejaculate. These accessory gland 
secretions provide a vehicle for transport and 
survival of the spermatozoa during early 
stages of transport in the female reproductive 
tract. These secretions protect the spermatozoa 
from the acidic hostile environment of the 
vagina, and aid in access of the spermatozoa lo 
the cervix and cervical mucus. 


If spermatozoa are deposited in the 
cervical mucus at or around the time of 
ovulation, when peri-ovulatory cervical mucus 
is receptive to the sperm, the motile 
spermatozoa migrate into the mucus and form 
a reservoir of sperm. These motile sperm are 
thought to be released into the uterine cavity 
in pulsatile fashion, with the sole purpose of 
entering the oviduct and migrating to the 
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ampulla of the Fallopian tube, which is the site 
of fertilization. Of an estimated 100 million 
motile sperm deposited at the cervix only a 
few hundred to a thousand sperm actually 
enter the oviduct. Only 0.1% of sperm placed 
in the upper vagina can be found in the 
cervical canal after one hour. 


The peri-ovulatory cervical mucus not 
only provides a vehicle for sperm entrance 
into the female reproductive tract but also acts 
as a biological filter. The mucus acts as a 
barrier to leukocytes, bacteria, and other 
contaminating agents present in the seminal 
fluid. Prostaglandins and _ de-capacitating 
agents also present in the seminal fluid are 
prevented from entering the uterine cavity as 
well. 


Freshly ejaculated sperm are incapable of 
fertilization and must undergo a series of 
changes in structure and chemical function, 
termed capacitation, which end in the ability 
of the sperm to successfully interact with and 
fertilize the oocyte. Capacitation is a series of 
sperm events characterized by sperm 
hyperactive motility, which allows the sperm 
to penetrate through the cumulus cells 
surrounding the oocyte. The spermatozoa 
then gain the capability to acrosome-react 
and bind to the zona pellucida of the oocyte 
through a series of biochemical and molecular 
events. In order to penetrate the oolemma, 


spermatozoa must have completed the 
capacitation process by undergoing the 
acrosome reaction. Whereas acrosome- 


reacted spermatozoa can bind to the zona 
pellucida and penetrate the oolemma, 
acrosome-intact spermatozoa cannot 
penetrate the zona pellucida and bind to the 
oolemma. 


In summary, transport of spermatozoa 
from the male to the site of fertilization in the 
female involves both active and passive 
transport processes from the seminiferous 
tubules through the epididymis and vas 
deferens, ejaculation into the vagina, and 


contact with the cervix in the female. Upon 
deposition in the female reproductive tract, the 
spermatozoa make contact with the cervical 
mucus, and the motile, most normal sperm 
penetrate the mucus and enter the uterine 
cavity. Non-motile, nonfunctional sperm, as 
well as contaminating cells and debris, are 
filtered away from the motile sperm and 
prevented from entering the uterine cavity. 
Following a series of events, the spermatozoa 
undergo capacitation and the acrosome 
reaction, quickly penetrate through the oocyte 
vestments (cumulus cells), and bind to 
receptors in the zona pellucida. One 
capacitated, acrosome-reacted sperm will 
then bind to the oolemma and enter the 
cytoplasm of the oocyte. 


Insemination of processed sperm 


The ability of spermatozoa to penetrate 
the cervical mucus and finally bind to the 
oocyte can be affected by a number of factors. 
These include inability of the spermatozoa to 
penetrate the cumulus oophorus, as well as the 
inability to acrosome-react and bind to the 
zona pellucida. In order to correct such 
presumed deficits, ART techniques such as 
ICSI can be employed. The inability of 
spermatozoa to successfully transport to the 
site of fertilization can be a result of 
decreased sperm concentration 
(oligospermia), decreased sperm motility 
(asthenospermia), increased abnormal sperm 
forms (teratozoospermia), inability to 
penetrate the cervical mucus, and of female 
factors, including hostile cervical mucus and 
anatomical defects in the female tract. These 
factors can be circumvented by use of 
artificial insemination, particularly 
intrauterine insemination, by which the 
spermatozoa can be deposited directly into 
the uterus, closer to the site of fertilization. 
The intent is to give the sperm a "head start" in 
the race to the site of fertilization, and thus 
increase the chances of successful sperm-egg 
interaction. 


Under normal circumstances, when the 
ejaculate is deposited at the cervical os, the 
peri-ovulatory cervical mucus acts as a filter, 
allowing only motile sperm to penetrate the 
cervix and enter the uterine lumen. The 
cervical mucus filters away contaminating 
cells, leukocytes, debris, and bacteria, and 
muscle stimulants such as prostaglandins, 
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present in the semen. Furthermore, de- 
capacitating factors present in the seminal 
fluid are removed from contact with the 
spermatozoa as they pass through the cervical 
mucus. 


In order to circumvent hostile cervical 
mucus, oligospermia, and asthenospermia, as 
well as many of the other factors hindering 
successful sperm-egg interaction, the 
spermatozoa can be placed directly into the 
uterus. However, this cannot be done with 
freshly ejaculated sperm, because normally 
all contents of the ejaculate do not enter the 
uterus because of the filtering capacity of the 
cervical mucus. Early studies utilized 
unwashed semen, centrifuged into a small 
volume, for an IUI. In early reports, patients 
complained of severe cramping, and only 1 of 
29 patients conceived. The semen must first 
be processed to remove all contaminants and 
to concentrate the motile spermatozoa into a 
small volume that can easily be placed 
directly into the uterus. If done at the peri- 
ovulatory period, a reasonable chance of 
pregnancy can be achieved. 


Rationale for sperm processing 


In order to place the motile sperm directly 
into the uterus, and thus perform an 
intrauterine insemination, the spermatozoa 
must be separated from the seminal fluid. 
Some form of sperm processing, or "sperm 
washing" is required to isolate sperm from 
the seminal plasma, to initiate capacitation, 
and to concentrate the motile population of 
sperm into a small volume that can easily be 
accommodated by the uterus. The motile 
sperm, concentrated in a small volume of 
nutrient medium that is supportive of sperm 
motility and longevity, can be placed through 
the cervical opening into the uterus by using a 
small catheter. 


No separation techniques, however, 
guarantee the removal of all cells and 
pathogens, including the hepatitis and HIV 
viruses. Nutrient media used for processing 
may contain antibiotics, which will help to 
remove bacterial contamination, but not 
viruses. It is therefore prudent mat the 
physician counsel the recipient of IUI as to the 
possible risks of transmitting communicable 
disease using untested partner's sperm. 


Sperm processing techniques for IUI 


and for ART (IVF and ICSI) are similar. The 
ultimate goal for either type of insemination is 
the acquisition of a concentrated fraction of 
motile sperm. IUI, however, requires a higher 
concentration of motile sperm for deposition 
into the uterus, since there is significant loss 
of sperm during transport through the female 
reproductive tract. For IVF and ICSI, direct 
insemination of the oocyte can be achieved 
with very few sperm (50 000 - 100 000 sperm) 
in a culture dish, with a single spermatozoon 
injected directly into each retrieved oocyte. 


The source of the spermatozoa to be 
processed for IUI is generally the entire 
ejaculate or frozen semen specimen, whereas 
the source of the spermatozoa used for IVF 
and/or ICSI can be from the ejaculate, from 
a testicular or epididymal aspirate, or 
extracted from testicular biopsy tissue. 
Spermatozoa can also be separated from 
neutralized urine in cases of retrograde 
ejaculation. The urine is usually alkalinized by 
catheterization of the bladder and instillation 
of nutrient media or buffer prior to attempted 
ejaculation. 


Epididymal or testicular aspiration 
(MESA, TESA) results in very small volumes 
of fluid that might contain sperm. These sperm 
are not motile and can be cultured overnight, 
with or without stimulants, prior to selection 
for ICSI, with the intent that some spastic or 
shaking movement might be induced and thus 
signal a viable sperm for pick-up and injection 
into the oocyte. Testicular biopsy tissue can be 
acquired by percutaneous aspiration from the 
testicles or open biopsy (TESE). The tissue 
must then be minced or digested to release 
individual spermatozoa, which can then be 
treated as for the aspirates. Individual sperm 
can then be removed from the tissue or 
contaminating fluid, picked up with a 
micropipette and used for ICSI. Both cell and 
tissue fractions can also be cryopreserved and 
used at a later date. Cryopreservation of 
epididymal and testicular aspirates and tissue 
in multiple vials also allows several attempts 
at ART and possible pregnancy. 


Methods for processing semen 


Sperm separation techniques have 
evolved from very simple wash-centrifugation 
procedures to filtration using glass wool 
columns, Sephadex columns, membrane 
filtration, albumin gradients, magnetic cell 
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sorting, migration tubes, migration methods 
including swim-up, swim-down, and 
migration through sodium hyaluronate. The 
use of density gradient centrifugation 
procedures for separation of the fraction 
containing the most normal and motile sperm 
has most recently been the method of choice. 


The physical characteristics of some 
semen samples may interfere with the 
efficiency of the separation procedure, e.g., 
seminal viscosity, incomplete liquefaction, 
and excessive numbers of cells other than 
spermatozoa (epithelial cells, leukocytes, and 
immature spermatogenic cells). A semen 
specimen should be allowed to liquefy for at 
least 30 minutes before processing. Extremely 
viscous semen samples maybe gently mixed 
with culture medium and allowed more time 
before processing, or passed gently through 
18- or 19-gauge needles using a syringe, 
although this can damage sperm. Alternately, 
brief treatment of the specimen with 
chymotrypsin has been shown to help reduce 
viscosity. Semen that has not completed 
liquefaction may be gently mixed with culture 
medium to allow the non-liquefied coagulum 
to settle to the bottom of a test tube. The 
supernatant containing the sperm can then be 
drawn off and processed as desired. Semen 
that has excessive numbers of non- 
reproductive cells (e.g., "round" or epithelial 
cells) may be processed by first diluting the 
semen with buffered culture medium and 
increasing the number of tubes for processing. 


Whenever possible, methods of sperm 
preparation should be used that not only enrich 
the motile population of cells but also increase 
the opportunities for subsequent fertilization 
by sperm that are more functional, with 
respect to sperm membrane and nuclear 
integrity. Most of the semen processing 
methods yield enriched populations of motile 
sperm, but these techniques vary in their 
ability to produce a finished product with the 
highest proportion of morphologically normal 
motile sperm. 


Equipment, media, and supplies 


Simple laboratory equipment is needed 
for processing semen. Equipment includes a 
compound microscope for assessing sperm 
count and motility, a dry incubator for 
warming nutrient media and maintaining the 
washed preparation, a table-top centrifuge, and 


a storage refrigerator. Additional supplies 
include sterile transfer pipettes, sterile 15 mL 
centrifuge tubes, sterile specimen containers, 
test-tube racks, and nutrient medium. A 
standard refrigerator is used to store the 
medium prior to use. The refrigerator and 
incubator temperatures must be checked and 
recorded daily as part of the overall laboratory 
quality control program. All media must be 
warmed to 37°C prior to use. This can be done 
in the dry incubator, in a water bath, or in a 
block heater on a slide warming plate. 


A small table-top centrifuge is sufficient 
for physician office laboratories. Various 
types and models of centrifuges are available, 
including those with variable and those with 
fixed speeds. The centrifuge tubes containing 
the semen and media are centrifuged at 300 x 
g at room temperature. A standard compound 
microscope is needed to assess the semen prior 
to washing, and to determine the sperm count 
and motility following processing. A counting 
chamber such as Makler chamber, disposable 
counting slide, or hemocytometer is needed to 
determine sperm concentration. Finally, 
general lab supplies include sterile graduated 
pipettes for measuring semen volume, nutrient 
medium and gradients (if used), and sterile 
disposable transfer pipettes for removing the 
semen-medium fraction or removal of the 
pellet to a clean centrifuge tube. Sterile 
polystyrene centrifuge tubes for semen 
centrifugation, and sterile specimen containers 
for collection of the ejaculate, are also 
standard lab supplies. 


There are many different commercially 
available culture media, such as Ham's F-10 or 
Tyrode's buffer, that can be used for sperm 
processing. However, the most commonly 
used medium for sperm processing is the 
commercially available synthetic human 
tubal fluid (HTF), which mimics the 
uterotubal fluids. Culture media must be 
tested for osmolarity, pH, lack of endotoxin 
contamination, and biocompatibility, and must 
have FDA approval for human use. Two 
buffering systems are used with gamete 
culture. The first is HEPES, which has a 
working pH of 6.8-8.2. HEPES-buffered 
media is designed for use with room air. The 
second most common is bicarbonate-buffered 
medium, which relies on carbonic 
acid/bicarbonate equilibrium for maintaining 
pH. If medium is supplemented with 
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bicarbonate buffer, a CO2 incubator is needed, 
and the caps of the centrifuge tubes must be 
kept slightly open for gas exchange to 
maintain the pH of the medium. Processing 
sperm for IUI may be done with HEPES- 
buffered medium, allowing capacitation to 
proceed in vivo (after the insemination). This 
allows the laboratory to work without the need 
for CO2 incubators. Most media used in the 
Andrology laboratory also contain a pH 
indicator such as phenol red, which gives the 
medium a light orange to pink color at neutral 
pH. Keeping an eye on the color of the 
medium can head off any problems. It is 
important to remember to keep HEPES- 
buffered media in room air, or with caps 
tightly closed, and bicarbonate-buffered media 
in a 5% CO, incubator with caps slightly open. 


Sperm processing medium is 
supplemented with a protein source, such as 
human serum albumin (HSA) or synthetic 
serum substitute (SSS), which is essential for 
sperm survival and initiation of sperm 
capacitation. Most commonly, albumin is 
added by the manufacturer to the synthetic 
medium at 3-5 mg/mL. With regard to sperm, 
capacitation occurs by removal or efflux of 
cholesterol from the sperm membrane and is 
promoted by albumin. The nutrient medium is 
also supplemented with antibiotics, such as 
penicillin, streptomycin or gentamycin, to 
reduce the possibility of pelvic infection. 


Gentamycin is the antibiotic of choice, 
since the lab cannot always be sure if the 
female recipient of washed sperm is allergic to 
penicillin. 


Nutrient media are available from several 
commercial suppliers in various volumes 
(from 10 mL for single-specimen processing 
up to 100-500 mL for high-volume 
laboratories). If purchased in large volumes, 
the medium should be divided among smaller 
vials or tubes and stored in the refrigerator. 
Then only the volume needed for a specimen, 
or for use in a particular day, can be removed 
and warmed prior to use. 


All nutrient media are stored in the 
refrigerator until use. Prior to use, all nutrient 
media are warmed to 37°C by incubation in an 
incubator, water bath, or heating block. 


Simple centrifugation wash method 


A simple dilution and centrifugation wash 


procedure has been the simplest and most 
commonly utilized procedure for preparing 
sperm for IUI, especially in a physician's 
office laboratory. This technique is especially 
useful for preparing frozen-thawed semen for 
IUI, as well as for concentration of low- 
sperm-count specimens. The procedure 
involves 2-3 times dilution of the liquefied 
semen with nutrient medium, followed by 
centrifugation at approximately 280-300 x g 
for 10 minutes. The supernatant is removed, 
and the pellet re-suspended in fresh nutrient 
medium, followed by a second centrifugation 
step. An aliquot is removed to determine the 
sperm concentration and motility, information 
which is provided to the physician performing 
the insemination. The final pellet is re- 
suspended in 0.3-0.5 mL of fresh medium, and 
this fraction is used for the insemination. 


The main disadvantage of the simple 
wash procedure is that not only motile sperm 
but non-motile sperm, debris, contaminating 
cells, and bacteria are brought down into the 
pellet. Centrifugation of all of these cellular 
materials, particularly leukocytes, generates 
the production of oxygen radicals (reactive 
oxygen species, ROS) which can induce 
irreversible damage to the spermatozoa. The 
simple wash procedure is recommended for 
semen specimens with low sperm count and 
motility. However, these should also be 
"clean," that is, with little if any debris or 
cells. Centrifugation of an oligo- 
asthenospermic ejaculate with contaminating 
cells and debris will have significant deficits 
due to generation of ROS. A simple wash 
procedure can be used for specimens that 
have normal sperm parameters, with no 
contaminating cells and debris, and when the 
laboratory is not equipped to perform other 
preferred methods. However, the density 
gradient procedure for sperm preparation for 
IUI and IVF is still the preferred method (see 
below). 


Simple wash for cryopreserved specimens 


A simple wash procedure is 
recommended also for frozen-thawed semen. 
Spermatozoa that have been cryopreserved 
and thawed can be damaged by the freezing 
and thawing process. It is therefore important 
not to "over-process" thawed semen to 
prepare for an IUI. The thawed semen-cryo- 
preservative mix is removed to a sterile 
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centrifuge tube. The semen-cryo-preservative 
is diluted with twice the thawed volume using 
nutrient medium. This is done slowly and 
drop-wise so as-to not subject the sperm to 
osmotic shock with the addition of medium 
with normal osmolarity. After dilution with 
medium, the specimen is centrifuged at 280- 
300 x g for five minutes, the supernatant 
removed and the pellet gently re-suspended in 
fresh medium. An aliquot can be taken for 
determination of sperm count and motility 
prior to the insemination. The mean 
percentage of motile sperm recovery following 
simple wash or even swim-up of thawed 
sperm is approximately 5%. 


Simple wash procedure for retrograde 
ejaculates 
Retrograde ejaculation occurs when 


semen is forced into the bladder rather than 
outward through the urethra. This may be the 
result of various medical conditions, such as 
diabetes, or therapeutic medications, as well as 
spinal cord injury. If semen enters the bladder, 
the normally acidic urine renders the 
spermatozoa non-motile or dead. 


Laboratories that do not specialize in 
ART are less likely to be capable of 
processing urine specimens to recover 
retrograde ejaculates. Recovery of 
spermatozoa from the urine is a relatively 
simple procedure but necessitates strict 
cooperation between laboratory, urologist, and 
gynecologist so that sperm recovery can be 
timed during the peri-ovulatory period. 


Sperm can be recovered following 
retrograde ejaculation and used for 
inseminations or for other ART techniques. 
However, preparatory steps should be taken 
prior to ejaculation to neutralize or alkalinize 
the urine. It is important to neutralize the urine 
in order to minimize damage to the 
spermatozoa. Alkalinization of the urine is 
accomplished by treatment of the patient with 
oral bicarbonate or by catheterization of the 
bladder and instillation of a buffer such as 
phosphate-buffered saline. 


The patient is asked to produce a semen 
sample into a sterile plastic container, then to 
void the bladder immediately after ejaculation 
into a separate container. The antegrade 
ejaculate, if present, is processed according to 
routine procedures. The urine/buffer sample is 


examined for sperm, diluted further with 
nutrient medium, and placed in multiple tubes 
for concentration. The concentrates are 
collected and washed again, and then post- 
wash count and motility are determined The 
potentially acidic and hyper-osmotic nature of 
the urine is detrimental to the sperm cells, and 
reduced motility is often observed, so it is 
important to process the retrograde sample as 
soon as possible. 


It is important to note that this simple 
centrifugation wash concentrates not only 
retrograde sperm, but all other contaminating 
debris present in the urine at the time of 
ejaculation. Additional wash steps may be 
logic, especially with nutrient medium 
supplemented with antibiotics. If motility is 
not greatly compromised, the sperm may be 
processed further by swim-up, glass wool 
filtration, density gradient separation, or other 
methods to isolate as many motile sperm as 
possible from the urinary proteins, cells, and 
other debris. 


The choice of processing methods should 
be based on the concentration of motile sperm 
present in the urine, and the progressive 
motility of the sperm, as well as the presence 
of contaminating debris and dead cells. 


Swim-up, swim-down migration methods 


Sperm migration methods are based on 
the natural process of sperm migration through 
the cervical mucus, where viable sperm are 
filtered from non-viable, non-motile sperm 
and other cellular elements. The earliest 
reports of sperm rise and the swim-up 
technique relied on the natural ability of 
motile sperm to migrate from one medium into 
another, i.e., from semen into nutrient medium 
or from one layer of nutrient medium into a 
"cleaner" or cell free layer. These migration 
methods involve either the swim-up of motile 
sperm directly from semen into nutrient 
medium, the swim-up of motile sperm from a 
washed pellet of sperm, or the swim-down of 
motile sperm from semen into nutrient 
medium. 


In the swim-up from semen method, the 
semen is divided equally into sterile centrifuge 
tubes, with approximately 1.0 mL of semen 
per tube. An equal volume of nutrient medium 
supplemented with protein and antibiotics is 
gently layered over the semen, and the tube 
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capped and placed in a 37°C incubator for 
approximately 1-1.5 hours. Others have 
suggested an incubation time of 30-45 
minutes. Often, the centrifuge tube is tipped 
on a 45° angle to provide a larger surface area 
for the medium to interface with the semen. 
After the incubation, the supernatant 
containing the motile sperm fraction is 
removed, and diluted equally with fresh 
nutrient medium. The motile sperm fraction is 
then centrifuged for 5-10 minutes at 280-300 x 
g, and the pellet is re-suspended in 0.3-0.5 mL 
of fresh nutrient medium for the insemination. 
An aliquot is taken for determination of sperm 
count and motility. The swim-up from semen 
method is thought to be the simplest way to 
obtain a good population of motile sperm, and, 
depending on the yield required, it can be a 
rapid procedure with normal semen 
specimens. Abnormal specimens may benefit 
from gradient centrifugation, with an excellent 
yield of motile sperm. 


The second migration method involves an 
initial wash-centrifugation step, followed by 
layering of nutrient medium on the sperm 
pellet. After a one-hour incubation, the 
supernatant containing the motile sperm is 
removed, diluted with medium, and 
centrifuged. The final pellet is once again re- 
suspended for the insemination. This 
procedure of swim-up from a washed pellet is 
useful for semen specimens with normal to 
high sperm concentration, normal motility, 
and a clean, cell-free seminal fluid. As 
mentioned above, centrifugation of the raw 
semen into a packed cell pellet may induce the 
formation of oxygen radicals that can 
irreversibly damage the viable sperm, 
especially when there is an increase in cells, 
particularly leukocytes. It has also been 
suggested that migration of sperm against the 
gravitational force results in a lower, 
percentage of motile sperm recovery. 


The swim-down technique involves 
layering the raw semen directly over nutrient 
medium in a centrifuge tube. Using 
gravitational force, motile sperm can swim 
into the nutrient medium. Following 
incubation, the semen is removed, and the 
resulting swim-down fraction can be diluted 
with fresh medium and centrifuged, and the 
motile sperm pellet can be re-suspended in 
medium for the insemination. An additional 


wash step can be included to remove any 
residual seminal fluid. 


Both the swim-up and swim-down 
procedures have been used to isolate a clean 
motile population of sperm, leaving behind 
the non-motile sperm cells, and debris. 


In terms of the efficiency of motile sperm 
recovery, swim-up methods rely most on 
quality (speed) of motility, the quantity of 
motile sperm in the original specimen, and the 
skill of the clinician/technician with pipettes. 
The swim-up procedure is preferable for 
semen specimens that are relatively free of 
contaminating cells and debris, and with a 
high sperm concentration, since recovery of 
numbers of motile sperm is low. Regarding 
temperature, swim-up procedures are more 
efficient if performed at 37°C rather than room 
temperature. 


Density gradient centrifugation 


In 1977, a modified colloidal silica 
material was developed for gradient separation 
of cells. Density gradient separation of sperm 
is based on the sperm size, motility, and 
density. The gradient should have no or 
minimal osmotic effect, low viscosity, and 
high specific gravity. The first type of medium 
used for density gradient centrifugation of 
sperm was Percoll, which is polyvinyl- 
pyrrolidone-coated silica. In the mid-1990s, 
Percoll was removed from the market for 
human use and was replaced by silane-coated 
colloidal silica, available under several trade 
names. The density gradient centrifugation 
procedure uses centrifugal force to propel the 
cellular fraction of the seminal fluid into 
contact with the gradient material. 


This method (also called discontinuous 
gradient separation) is perhaps one of the more 
popular, utilizing centrifugal force to propel 
sperm and seminal debris downward and into 
contact with the fluid interface between the 
semen and the gradient material Motile sperm 
pass through the fluid interface more easily, 
leaving non-motile sperm, epithelial cells, and 
other debris trapped at the interface. If more 
than one density layer is used, the sperm (and 
any other cellular or seminal debris) that pass 
through the first interface are placed in contact 
with the next fluid interface, and again the 
motile sperm are better able to pass into the 
next layer of gradient material. Thus, the 
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multiple-layer gradient method effectively 
"cleans" the semen sample and concentrates 
the motile sperm at the bottom of the test 
tube. 


For density gradient processing, a 45% 
gradient solution is gently layered over a 90% 
gradient, and the semen is layered over the 
top. The tube is then centrifuged at 300 x g for 
20 minutes. The resultant pellet is usually 
removed using a thin-tipped transfer pipette 
and placed into a clean centrifuge tube. 
Removal of the pellet first is more 
advantageous than removing the supernatant 
(remaining seminal fluid and gradient layers), 
since the pellet can be removed without 
contaminating the motile fraction with semen 
and debris. If the gradient and semen are first 
removed, the debris and seminal fluid wash 
down the sides of the tube and can be re- 
suspended with the pellet. The pellet is re- 
suspended in at least 2 mL fresh nutrient 
medium (more or less depending on the size of 
the pellet, i.e., sperm concentration) and 
centrifuged for 5-10 minutes at 300 x g. The 
final pellet is re-suspended in 0.3-0.5 ml for 
the insemination. 


Most recently, a single gradient layer has 
been used for sperm separation. A single 
interface may be utilized for routine 
processing of semen (for example, a gradient 
material of 80% or 90% concentration layered 
below the semen). Multiple interfaces, using 
more than one density gradient (for example, 
two interfaces-semen, 40% gradient, 80% 
gradient-and three interfaces - semen, 40%, 
60%, 80%) are used for either routine semen 
samples or samples with lower numbers of 
motile sperm. Usually a concentration of 80% 
or 90% gradient is advantageous for the 
majority of routine semen specimens. A poor 
specimen, such as one with low concentration, 
low motility, or low progression, may not 
penetrate the higher-concentration gradients. 
In these instances, a 45-60% gradient may be 
used, or a single gradient of 45% or 60% 
individually. However, a single 80% gradient 
is sufficient for processing almost all 
specimens for routine IUI, is most cost- 
effective, and results in recovery of adequate 
numbers of motile sperm. 


The density gradient method for sperm 
processing is not recommended for 
specimens with low sperm count and motility, 


or for frozen-thawed specimens. These 
specimens should be processed using a 
simple wash or swim-up procedure. 
Furthermore, highly viscous ejaculates are 
difficult to process by any of the standard 
wash procedures. To reduce viscosity prior to 
washing, an ejaculate may be pushed through 
a syringe fitted with an 18- to 20-gauge 
needle, diluted and mixed with nutrient 
medium prior to layering on a gradient, or 
incubated for a swim-up from semen method. 
Finally, chymotrypsin digestion of viscous 
samples has been favorable. 


Preparation of semen specimens for IVF and 


ICSI 


Preparation of semen specimens for ART 
IVF and/or ICSI involves the same 
processing as for IUI, except that a 
significantly lower concentration of motile 
sperm is required for IVF/ICSI. Generally, a 
simple wash procedure is not recommended, 
once again because of the damage to sperm by 
oxygen radicals from exposure of sperm to 
leukocytes and dead cells. The preferred 
methods for processing of sperm for IVF are 
the density gradient centrifugation procedure 
and the swim-up from semen procedure, with 
the goal being recovery of motile sperm in a 
concentration suitable for the desired 
procedure. A combination of these procedures 
can also be used. Following a density gradient 
centrifugation of a specimen with good semen 
parameters, but increased debris and cells, the 
pellet can be over-layered with fresh nutrient 
medium for a swim-up. Following incubation, 
the supernatant containing the motile fraction 
of sperm, usually 90-100% motile sperm, can 
be used directly for IVF. For IVF, 50 000-100 
000 sperm are added per dish or per droplet 
containing the oocytes. The intent therefore is 
to utilize a fraction with the highest motility 
possible. 


For ICSI, depending on the sperm 
concentration and the origin of the specimen, 
gradient centrifugation can be used, as well as 
swim-up from semen. Individual sperm with 
normal morphology are injected directly into 
the oocyte. Therefore, recovery of numbers of 
sperm is not necessarily a concern, nor is the 
need for progressive motility. Individual 
sperm with some evidence of viability (i.e., 
twitching movement) can be picked up by the 
ICSI pipette. In cases of totally non-motile 
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sperm, the sperm can be diluted with hypo- 
osmotic buffer (as for the hypo-osmotic 
swelling test, HOS test), and the swelling (and 
hence viable) sperm used for ICSI. 


In severely oligospermic specimens, more 
than one ejaculate can be obtained on the day 
of oocyte retrieval in order to increase the 
chances of finding motile sperm for ICSI. 
Additionally, ejaculates can be collected the 
day before the oocyte retrieval and stored in 


refrigeration medium, or washed and 
incubated overnight. 
Epididymal and testicular sperm 

Epididymal aspiration and testicular 


biopsy yield very few motile sperm relative to 
ejaculated semen. When retrieved from the 
testicle, spermatozoa are inherently immature, 
have limited motility, and are incapable of 
capacitation and penetration of the zona 
pellucida. Epididymal sperm, on the other 
hand, might exhibit vigorous motility, variable 
sperm maturation, and a reduced ability to 
capacitate. Regardless of the source of the 
sperm ie, epididymal aspiration or 
testicular biopsy the lower numbers of 
mature, motile sperm mandate that ICSI be 
used to fertilize oocytes. Processing 
epididymal aspirates involves the same 
procedures as those used to process specimens 
with low sperm count and/or motility, as long 
as the aspirate demonstrates some forward 
progressive motility. Red blood cells can be 
eliminated by addition of hypotonic lysing 
buffer, which causes the red blood cells to lyse 
and release pigment into the nutrient medium. 
The specimen can then be centrifuged and the 
pellet containing the spermatozoa retrieved 
and further washed. 


Testicular biopsy tissue is processed by 
dissection of the tissue with needles, scalpel 
blades, small-bore pipettes, mortar and pestle, 
or tissue homogenizers. Tissue can also be 
macerated between two sterile glass slides in 
order to release spermatozoa from the 
seminiferous tubules. Following tissue 
mincing, nutrient medium is added, and the 
suspension placed into sterile centrifuge tubes. 
The larger pieces of tissue are allowed to 
settle, and are removed. The supernatant can 
be washed with fresh nutrient medium and 
examined for the presence of sperm. Usually, 
the spermatozoa are surrounded by large 
amounts of debris, cells, and tissue fragments. 


Spermatozoa are embedded in clumps of cells 
or debris, and usually show no progressive 
motility, or may show tail twitching. The 
preparation can be incubated as a thin smear 
or micro-drop of medium overnight at 37°C. 
Motile or twitching sperm may then be found 
along the periphery of the droplet in which 
the tissue was incubated, picked up with the 
micropipette, and then used for ICSI. If 
sufficient numbers of motile sperm are 
present, multiple-layer density gradient 
centrifugation can be used to recover a clean 
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preparation of spermatozoa for use with ICSI. 


Surgical sperm recovery from the testicle 
or epididymis can be scheduled to coincide 
with oocyte retrieval. However, it may be 
advantageous to schedule the sperm retrieval 
prior to oocyte retrieval and then cryopreserve 
small tissue pieces or aspirates in multiple 
vials. This provides enough specimen for 
multiple attempts at ICSI. The tissue or 
aspirate is frozen utilizing the same 
methodology as for semen cryopreservation. 


Section 10: Treatment of male infer tility 


Chapter 64: Assisted Reproductive Techniques 


(ART): Intrauterine insemination (IUI) 


Introduction 


Assisted reproductive technologies (ART) 
are interventions directed at the female partner, 
including gonadotropin therapy, IUI, IVF, 
ICSI, and preimplantation genetic diagnosis 
(PGD). Artificial insemination — also called 
intrauterine insemination or IUI — is a 
relatively “low-tech” form of ART, though it 
is by far the most frequently used of all ART 
techniques. 


Indications and technique 


IUI is indicated for couples with 
unexplained infertility, mild to moderate 
male-factor infertility, or certain female 


factors, such as antisperm antibodies or a 
hostile cervical environment. Women, 
therefore, are evaluated by the gynecologist 
with histories, physical examination, and 
laboratory assessments. Tubal patency tests, 
such as the  hysterosalpingogram, _ saline 
salpingogram, or diagnostic laparoscopy, are 
performed as indicated. Indications for tests of 
tubal patency include prior pelvic inflammatory 
disease, ectopic pregnancies, or unexplained 
infertility, among others. The endocrine profile 
for a woman is similar to a man's, and includes 
assays for day 2 follicle-stimulating hormone 
(FSH), luteinizing hormone (LH), and 
estradiol. For a woman, the only absolute 
contraindication to IUI is bilateral tubal 
occlusions. Advanced maternal age and severe 
elevations in FSH are not contraindications, 
but are indicators of a poor prognosis. In 
addition, IUI complications, such as low-birth- 
weight babies and birth defects, are increased 
in women of advanced maternal age. 


The most common male factor is 
oligospermia, mild to moderate. Historically, 
the presence of 10 million motile sperm was a 
prerequisite for performing IUI, although now 
many centers have success with lower cutoff 
values, such as 5 million motile sperm, or even 
1 million motile sperm. Forward progression on 
semen analysis is important, though 


interestingly, centers that use the lower cutoff 
values often do not make a distinction between 
the various grades of motility, 1-4. The 
decision to proceed with IUI in the face of male 
factors, even severe ones, is complicated by 
many factors, including the patients’ ability to 
pay for the more expensive ART procedures 
such as IVF with ICSI. It is important to notice 
that the number of motile sperms needed to 
fertilize one egg has much decreased with ART 
procedures. While this number is about 100 
million sperms for natural insemination, it is 1- 
5 millions for IUI, 100.000 for IVF and only 
one sperm is used for ICSI. 


Pre-screening for couples attempting an 
IUI procedure includes testing for infectious 
diseases, genetic abnormalities, and general 
medical problems, such as anemia. Women are 
screened for syphilis, hepatitis B and C, HIV, 
parvovirus, rubella, and varicella. Men are 
screened for hepatitis B, hepatitis C and HIV. 
Genetic tests routinely performed include 
testing for cystic fibrosis. Severely 
oligospermic men have an increased likelihood 
of harboring genetic anomalies, such as Y- 
chromosome microdeletions. 


With the help of the semen analysis results, 
patients are counseled regarding the likelihood of 
success with each IUI attempt. The IUI sample is 
then processed as follows. The man is asked to 
ejaculate into a sterile specimen cup that is 
subsequently labeled with a unique identifier, 
such as an accession number. The specimen will 
then be allowed to sit at room temperature for 20 
minutes, so that it liquefies. A basic semen 
analysis (volume, concentration, motility) is then 
performed on an aliquot of the sample. If the 
specimen's parameters are adequate, 1.5 mL of 
sperm wash media (SWM) are added to the 
remainder of the sample, which is then 
centrifuged at 300 x g for 15 minutes. This step 
is repeated twice, and the resultant pellet is 
ultimately re-suspended in the SWM (0.5 mL) 
and transferred to a sterile syringe and packing 
straw for the actual insemination. 
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The intrauterine insemination takes place 
in the physician's office, and must be done on 
the expected day of ovulation. The female 
patient lies in a dorsal lithotomy position on a 
standard gynecological examination table with 
her feet in stirrups. A speculum is placed in the 
vagina and the cervix is visualized. Neither 
local anesthetic nor antibiotic prophylaxis is 
needed. The sperm specimen is aspirated into a 
1.0 mL syringe. The needle is removed and the 
plastic syringe is attached to a flexible 18 cm 
polyethylene catheter (a standard intrauterine 
insemination catheter). All air is removed 
from the syringe and the catheter is inserted 
through the endo-cervical canal; it should 
extend 5.5 cm in a typical uterus. The sperm 
are then injected. 


Mild cramping may occur. After the 
injection, the catheter is slowly removed and 
the patient is instructed to remain lying flat and 
still for 15 minutes. The woman can resume her 
normal activities upon leaving the office, and 
subsequent sexual intercourse has not been 
shown to impede fertilization, but most 
physicians recommend abstinence for 24 hours 
after insemination. 


Success rates 


Success rates for IUI depend upon a 
variety of factors such as patient age, presence 
of comorbid conditions, ovulation method, and 
presence of a male factor. Age is perhaps the 
most important factor. Women in the 35- to 
39-year range have an approximately 50% 
reduction in pregnancy rates per natural IUI 
cycle. These women tend to benefit 
dramatically from the addition of ovulation 
inducers - clomiphene citrate or gonadotropins. 
Pregnancy rates continue to drop off as women 
advance beyond 50 years of age. It is unclear 
whether or not the addition of ovulation 
inducers helps women above the age of 40. The 
addition of ovulation inducers does seem to 
help women in the 35- to 39-year range, with 
gonadotropins having greater efficacy than 
clomiphene citrate. The presence of a male 
factor impacts success rates of IUI. Severe 
oligospermia negatively impacts success rates 
of IUI. In general, patients need 5-10 million 
motile sperm to have a successful IUI. 
However, there are exceptions, with some 
centers reporting success with as few as 1 
million motile sperm. 


Abnormal sperm morphology has been 


associated with poorer IUI outcomes both for 
IUI alone and for IUI with clomiphene or 
gonadotropin stimulation. In addition, 
abnormal sperm morphology has been 
associated with higher IUI complication rates 
such as miscarriage. The presence of abnormal 
morphology does not preclude the use of the 
sperm in IUI. 


Varicocele is the most commonly 
encountered male factor in infertility, present 
in up to 35% of men in subfertile couples. 
While surgical correction of varicocele in sub- 
fertile men is accepted and standard, some 
controversy may exist regarding whether or not 
to correct a varicocele if the couple needs to 
resort to IUI anyway. Numerous studies have 
shown that varicocelectomy in such a situation 
improves success rates for IUI with and 
without ovulation induction. Correction of 
varicoceles can improve sperm counts, even in 
severely oligospermic patients, sufficiently to 
allow couples to avoid IVF/ICSI and to have a 
successful IUI. 


Azoospermia can be due to problems of 
sperm production or sperm ductal obstruction. 
Using advanced sperm retrieval techniques, 
sperm may be harvested from men with both 
obstructive and nonobstructive azoospermia. In 
nonobstructive azoospermic men, sperm can 
be located in small numbers, but neither the 
quantity of sperm nor their motility is 
sufficient for IUI. Obstructive azoospermia 
patients, on the other hand, can be candidates 
for IUI. Congenital and acquired blockages can 
be reversed and ejaculatory duct obstruction 
corrected, often leading to natural, spontaneous 
pregnancies. Occasionally it is not possible to 
restore natural fecundity, but it is possible to 
restore several million motile sperm to the 
ejaculate. In such a situation, a couple might 
use IUI rather than IVF/ICSI, and thus save 
money and avoid unnecessary risk to the 
woman. On occasion, enough sperm can be 
retrieved, via an epididymal sperm aspiration, 
for a successful IUI. 


Complications 


IUI is safe, though it is not complication- 
free. IUI complications may be classified into 
medication side effects and pregnancy 
complications. 


Medication side effect 


Drug-induced side effects are not dose- 
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related, as they can occur at the 50 mg dose of 
clomiphene citrate. Uncomplicated ovarian 
enlargement develops in approximately 14% of 
women, but true ovarian hyper- stimulation 
syndrome is rare. 


Hot flashes are common, occurring in 10- 
20% of women. They may be due to hypo- 
estrogenism at the hypothalamic level due to 
clomiphene blockade of estrogen receptors. 
Problems related to the hyper-estrogenic 
environment induced by clomiphene citrate 
include abdominal distension (5.5%), nausea 
and vomiting (2.2%), and breast discomfort 
(2%). These side effects rapidly abate soon 
after cessation of therapy. 


Visual symptoms, such as blurring, double 
vision, and/or scotomata develop in 1-2% of 
women and are usually reversible. Mood 
swings, depression, and headaches can occur, 
but are rarely sufficiently serious to require 
termination of treatment. 


The use of fertility drugs has been 
associated with neoplasia, particularly 
borderline ovarian tumors, in some, but not all, 
studies. The apparent association between 
fertility drug use and epithelial ovarian cancer 
appears to be related to the fact that these drugs 
are more likely to be used in infertile women, 
who are known to be at higher risk of 
developing ovarian cancer. There does not 
appear to be an increased risk of breast cancer 
in women treated with fertility drugs. 


Pregnancy complications 


Pregnancy complications include multiple 
gestations, birth defects, low birth-weight, and 
ectopic pregnancies. The probability of multi- 
fetal pregnancy is increased: twins have been 
reported in 6.9-9% of pregnancies, triplets in 
0.3-0.5%, quadruplets in 0.3%, and quintuplets 
in 0.13%. The risk may be reduced by 
ultrasound monitoring and withholding hCG, 
IUI, or intercourse if more than two follicles 
are greater than 15 mm in diameter. The 
frequency of congenital malformations and 


spontaneous abortion does not appear to 
increase in pregnancies after ovulation 
induction with V IUI. 

Spontaneous abortion and _ visible 


congenital malformations occurred in 14.2% 
and 2.3%, respectively, rates that are 
comparable to those in mothers who ovulated 
spontaneously. Rates of ectopic pregnancy are 
not increased with clomiphene citrate IUI . 
There is no evidence of developmental delays 
or learning disabilities in children whose 
mothers took clomiphene citrate. Several 
studies found a mildly increased risk of preterm 
birth in pregnancies (singleton and multiples) 
after assisted reproduction as compared to 
natural pregnancies. This effect has not been 
shown to be specific to clomiphene and is 
likely due to comorbidities in subfertile 
women. There is less than a 1% chance of 
pelvic infection with intra-uterine 
insemination. 
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Section 10: Treatment of male infertility 


Chapter 


65: Assisted Reproductive Techniques 


(ART): In-vitro fertilization and micromanipulation 


for male infertility 


Introduction 


A couple is usually considered infertile 
after one year of unprotected intercourse 
with adequate exposure in the absence of a 
pregnancy. Infertility affects around 15% of 
married couples, with pure male factors and 
pure female factors each accounting for 
approximately 30% of these. In the remaining 
couples, a combination of both factors exists. 
Therefore, the male is involved in the 
childless process half of the time. 


The live birth of Louise Brown in 1978 
following in-vitro fertilization (IVF) by 
Steptoe and Edwards commenced a new era in 
assisted reproductive technology (ART). 
Subsequently, gamete intra-fallopian transfer 
(GIFT) and zygote intra-fallopian transfer 
(ZIFT) were also developed to treat infertility. 


Although IVF was first used with success 
for couples with male-factor infertility in 
1984, it soon became apparent that patients 
with severe oligospermia or azoospermia were 
still considered sterile. 


To solve this problem, gamete 
micromanipulation techniques have been 
applied in couples where conventional IVF 
could not be used. Initially, the formation of a 
small hole in the zona pellucida allowing the 
sperm direct access to the oolemma was 
elaborated (zona drilling [ZD] and partial zona 
dissection [PZD]). After that, the micro- 
surgical injection of sperm in the peri-vitelline 
space was settled (subzonal insertion of sperm 
[SUZI)). More recently the microinjection of 
sperm directly into the egg itself has resulted 
in a significant improvement in pregnancy 
rates (intracytoplasmic sperm injection 


[ICST]). 
In-vitro fertilization 


Initially created for female infertility due 
to tubal disease, IVF has also rapidly become 
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a treatment for male-factor infertility. Using 
this technique, fewer sperm are required to 
achieve oocyte fertilization than with natural 
intercourse or intrauterine insemination 
(IUI). This feature of IVF has made it a 
prominent option in male-factor patients in 
whom surgical or pharmacologic therapy has 
not succeeded or is unsuitable. 


The basic hallmark of IVF, distinguishing 
it from other procedures of assisted 
fertilization, is that the physiological process 
of fertilization takes place outside the body of 
the patient in an artificially constructed 
environment. For this purpose, one or more 
oocytes are recovered from  pre-ovulatory 
ovarian follicles and subsequently co- 
incubated in a complex culture medium, 
designed to mimic the tubal fluidic milieu. 
Motile spermatozoa are then separated from 
immotile spermatozoa, non-spermatozoal cells 
and seminal plasma. Subsequently, a defined 
number of motile spermatozoa are then co- 
incubated with an oocyte. After identification 
of successful fertilization, either at the 
pronuclear stage, at an earlier cleavage stage 
or at the later blastocyst stage, the embryos 
are placed in the uterine cavity for nidation 
in the endometrium and pregnancy. 


IVF was originally introduced for the 
treatment of tubal infertility caused either by 
occlusion of the Fallopian tubes or by 
impairment of their function. However, soon 
after its successful introduction, its potential 
value for the treatment of male infertility 
became an issue of intensive debate. In 
contrast to all existing forms of artificial 
insemination, IVF offers the possibility of 
inseminating the oocytes with a predetermined 
number of motile sperm. In addition, as a 
result of the hormonal stimulation of the 
ovaries, more oocytes can be inseminated and 
possibly fertilized within the frame of one 
treatment cycle, thereby offering the 


opportunity to select fertilized oocytes for 
further embryo culture. 


Unfortunately, the early high 
expectations of conventional IVF for the 
treatment of severe male infertility were not 
fulfilled for several reasons. First, the 
prolonged co-incubation of sperm and oocytes 
is associated with a significantly reduced 
pregnancy rate compared with a co-incubation 
time of 4-5h and the presence of an excessive 
concentration of spermatozoa around the 
oocyte may in some cases compromise the 
pregnancy rates. In observational studies 
involving couples treated because of male 
infertility only the success rates of IVF were 
the lowest of all and were not better than the 
spontaneous conception rate during a 6-month 
waiting period. 


The advent of ICSI has now replaced 
conventional IVF in the treatment of severe 
male infertility. IVF is still used for the 
treatment of female infertility, such as tubal 
infertility or unexplained infertility. 


Although IVF can be performed with 
some success in the un-stimulated menstrual 
cycle, it has become widespread practice to 
carry out this treatment in combination with 
hormonal stimulation of the ovaries, so that 
multiple oocytes become available for IVF. 
The improved pregnancy rate of IVF after 
hormonal stimulation of ovarian follicular 
development results mainly from the 
selection of several fertilized oocytes and 
their in vitro culture up to the embryonic 
stage. Ovarian stimulation also provides a 
better assessment of the events controlling 
follicular maturation, in turn leading to the 
collection of more mature oocytes with high 
developmental capacity. Furthermore, ovarian 
stimulation compensates for clinical and 
subclinical defects in the follicular 
development of some patients. On the other 
hand, ovarian hyperstimulation and the 
transfer of more than one embryo at the time 
entail a high incidence of multiple 
pregnancies. Multiple pregnancies, 
particularly in previously infertile women, are 
associated with considerable obstetric and 
neonatal risks. The rapidly increasing number 
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of treatments with assisted reproduction 
leading to more deliveries of multiples has 
caused an upsurge in the numbers of 
prematurely born neonates. Consequently, 
there is a multinational trend to replace only 
one single embryo per cycle selected from a 
group of growing embryos based on 
morphological assessment. It has been 
demonstrated that the selection and transfer of 
a single embryo (often denominated elective 
SET) can be performed successfully without 
lowering the overall pregnancy rates. 


ICSI has now replaced conventional IVF 
for the treatment of couples suffering from 
idiopathic male infertility. 


Controlled ovarian hyper-stimulation 


Controlled ovarian hyperstimulation 
(COH) is defined as hormonal manipulation 
during the ovulatory cycle so that instead of 
producing one oocyte, the ovary is stimulated 
to release multiple oocytes. Pregnancy rates 
in IVF and ICSI can be raised significantly 
by the presence of higher numbers of 
available oocytes. Most patients are down- 
regulated with a _ gonadotropin-releasing 
hormone (GnRH) agonist and then treated 
with gonadotropins (Fig. 65.1). Down- 
regulation with GnRH leads to significantly 
higher pregnancy rates in IVF and ICSI. 
GnRH antagonists have been introduced in 
recent years in ovarian stimulation for ART. 
They exert their pharmacological effect via an 
immediate and reversible blockade of the 
pituitary GnRH receptors, and are used to 
prevent premature LH surges in IVF/ICSI 
cycles (Fig. 65.2). There are 2 protocols for 
administration of GnRH. In the long 
protocol it is given during the preceding 
menstrual cycle, while in the short protocol it 
is given for only a few days before 
gonadotropin ovarian hyperstimulation. 
Follicular growth is monitored by serum 
estradiol quantification and transvaginal 
sonographic evaluation of the follicular 
volume. When lead follicles reach a mean 
diameter of 17-19 mm, human chorionic 
gonadotropin (hCG) is given, and about 35 
hours later oocytes are collected by 
ultrasound-guided transvaginal aspiration. 


Menstrual cycle days 


Fig. 65.1: In-vitro fertilization: 
diagrammatic scheme of a long 
protocol using a GnRH agonist. 
GnRHa,  gonadotropin-releasing 
hormone agonist; hCG, human 


chorionic gonadotropin; r-FSH. 


recombinant _ follicle-stimulating 
hormone. 
Fig. 65.2: In-vitro fertilization: 


diagrammatic scheme of a short 
protocol using a GnRH antagonist. 
GnRH, gonadotropin - releasing 
hormone; hCG, human chorionic 
gonadotropin; r-FSH. recombinant 


follicle-stimulating hormone. 


Menstrual cycie days 


Menses 


Oocyte preparation and classification 


After retrieval, the oocytes are separated 
from the follicular fluid and classified 
according to their morphology. Immature 
oocytes (PI) are still in the prophase of the 
first meiotic division; they are characterized 
by the presence of the germinal vesicle. 
Oocytes in an intermediate degree of 
maturation (MI) are recognized by the absence 
of the germinal vesicle and the first polar 
body. A mature oocyte (MII) contains 
chromosomes at metaphase II and is 
characterized by the presence of a first polar 
body. Post-mature oocytes have darkened 
cytoplasm with a poorly formed corona. 


Semen preparation techniques for IVF 


Semen parameters are usually evaluated 
according to the World Health Organization 
criteria for sperm concentration, progressive 
motility, and morphology. Determination of 
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strict criteria for normal morphology is also 
estimated. Ideally, sperm preparation should 
(1) be quick and cost-effective, (2) isolate the 
highest amount of motile spermatozoa, (3) not 
cause any harm to sperm, (4) eliminate dead 
cells, leukocytes, and bacteria, (5) eliminate 
toxic or bioactive substances, and (6) allow 
processing of larger volumes of ejaculates. 
Unfortunately, there is no such a method 
available. 


Sperm processing 
discussed in chapter 63. 


techniques are 


Embryo transfer 


Mature oocytes are inseminated in a 
Petri dish and examined 18 hours later for 
morphologic proof of fertilization. A 
fertilized zygote contains two pronuclei and 
two polar bodies in the peri-vitelline space. 
Seventy-two hours later, the embryos are at 
the 4-cell to 8-cell stage and are ready to 


transfer. Some embryos can benefit from an 
extended culture to reach the blastocyst stage. 


Male-factor outcomes with IVF 


No single test or sperm parameter is 
unquestionable in its prediction of male 
fertility, as no single sperm feature or function 
can represent the ability of spermatozoa to 
accomplish a clinical pregnancy. Therefore, 
several methods have been created to prevent 
total failure of fertilization of the eggs 
following IVF. These methods include the 
acrosome reaction test, hemizona assay, and 
the sperm penetration assay. 


Sperm concentration and motility are 
directly connected with fertilization rates. In 
the normo-zoospermic patient, 50 000-100 
000 motile sperm/mL per oocyte are 
commonly used for IVF. In the oligospermic 
patient, however, because of innate 
dysfunction of the gamete, more sperm are 
usually inseminated with each oocyte (0.5-1 
million motile sperm/mL). The introduction of 
strict morphological criteria in 1986 has been 
remarkably useful in prognosticating the 
fertilizing ability of spermatozoa in assisted 


reproduction. Some authors studied the 
correlation between normal sperm 
morphology and the insemination 
concentration and discovered that, by 


increasing the insemination concentration of 
severely terato-zoospermic patients from 100 
000 to 500 000 spermatozoa per oocyte, 
fertilization could be significantly optimized. 


Fertilization and pregnancy rates in 
patients undergoing IVF for male factors, 
however, have been noted to be lower than 
for patients undergoing IVF for other 
reasons. A large comparative series revealed a 
68% fertilization rate among couples 
undergoing IVF for female tubal factors and a 
23% fertilization rate in strictly male-factor 
couples. In general, very low pregnancy rates 
resulted from conventional IVF with 
epididymal or testicular spermatozoa. 


Impaired acrosomal status can be 
associated with unexplained unsuccessful 
fertilization. Patients with low spontaneous 
acrosome loss and high response to A23187 
have more than 50% of oocytes fertilized in an 
IVF cycle. Sperm-zona pellucida binding is 
an essential requisite during human 
fertilization. This biological step can be 
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measured by hemizona assay. Patients with a 
hemizona index (HZI) higher than 30% 
achieved a fertilization rate of approximately 
75%, whereas those with HZI lower than 30% 
had a rate of only 35%. The use of the sperm 
penetration test (SPA) as a measure of fertility 
is based on the theory that healthy sperm will 
penetrate processed hamster ova and result in 
a significant amount of polyspermia. With the 
lower limit of normal being five penetrations 
per egg, couples with a normal SPA have a 
95% chance of fertilizing human ova in vitro, 
as compared with couples with a negative 
SPA, who have a 50% chance. 


Gamete and intra- 


fallopian transfer 


zygote 


Gamete intra-fallopian transfer (GIFT) is 
designated for women who have at least one 
functioning fallopian tube. In GIFT 
procedures oocytes and sperm are returned to 
the fallopian tube(s) promptly following 
oocyte retrieval. Tubal environment may 
improve oocyte maturation and sperm 
function, resulting in enhanced fertilization 
and embryo development and reaching the 
uterine cavity at an evolutional stage which is 
concomitant with that of the endometrium. As 
it was never demonstrated that GIFT had any 
advantage over standard IVF, and because it 
requires laparoscopy, GIFT has now been 
abandoned. 


Zygote intra-fallopian transfer (ZIFT) 
combines the advantages of the GIFT and 
IVF procedures, i.e., it enables confirmation 
of fertilization before transfer, exclusion of 
polypoid embryos, zygote maturation before 
entry to the uterine cavity, and greater 
synchronization with the uterus. Although 
retrospective uncontrolled studies comparing 
ZIFT and IVF demonstrated an increase in 
implantation and pregnancy rates for ZIFT, a 
recent meta-analysis failed to show any 
Statistically significant difference and 
concluded that since ZIFT is more expensive 
and invasive, as it requires laparoscopy, 
intrauterine transfer of the embryos should be 
the treatment of choice. ZIFT has now been 
abandoned. 


Gamete micromanipulation 


Various micromanipulation techniques 
have been created to increase fertilization rates 


in cases of severe male infertility. These 
strategies fall into three basic categories (Fig. 
65.3): 


(1) manipulation of the zona pellucida to 
provide an opening in which sperm can gain 
easier access to the egg-ZD and PZD; 


(2) the placement of spermatozoa into the peri- 
vitelline space (the space between the zona 
pellucida and the ovum plasma membrane) - 
SUZI, 


(3) direct injection of a single spermatozoon 
into the ooplasm-ICSI. 


Nowadays, ZD, PZD and SUZI have 
been completely replaced by ICSI. All of 
these techniques require the use of 
microinjection tools. Micromanipulation 
procedures are performed using an inverted 
phase-contrast microscope, preferably with a 
heated stage to avoid gamete cooling. Pressure 
in the holding and injection pipettes is con- 
trolled with water or oil-filled high-precision 
micro-injectors. Pipettes are manipulated in 
three dimensions using sets of hydraulic 
micromanipulators. 


Micromanipulation pipettes are made 
from 30uL borosilicate glass tubes. The 
oocyte-holding pipettes are cut and fire- 
polished on a microforge to obtain the 
desirable outer and inner diameters (for ICSI, 
60um and 20um, respectively). To make the 
injection pipettes, the pulled capillary is 
opened on a micro-grinder (for ICSI, to an 
outer diameter of 7m and an inner diameter 


zona drilling 
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———__ > 
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of 5um) with a beveled angle of 45-50°. A 
sharp spike is made using the micro-forge to 
facilitate the injection procedure. 


Zona drilling and partial zona dissection 


Micromanipulation procedures progressed 
because of discouraging results with IVF for 
the male-factor patient. Although application 
of acid solutions or enzymes (ZD), and 
mechanical opening (PZD) of the human zona 
pellucida have been developed, only PZD has 
been successful in humans. One particular 
problem observed with PZD was the high rate 
of polyspermia, a lethal condition involving 
the entrance of more than one sperm into the 
egg. Nowadays, this method has been 
replaced by ICSI. 


Subzonal insertion of sperm 


This procedure involves the injection of 3-4 
sperm per oocyte between the zona pellucida 
and the plasma membrane of the egg. SUZI 
represented an advance over PZD, as revealed 
by pregnancy rates per oocyte retrieval of 
10.3% versus 3.8%, respectively. In cases of 
severe male-factor infertility with fewer than 
50 000 motile sperm retrieved, a 57.3% 
fertilization rate and a 14.5% pregnancy rate 
were observed, compared with a 4.2% 


fertilization rate and no pregnancy in a similar 
population treated with conventional IVF. 
Unfortunately, high rates of polyspermia still 
occurred with SUZI. Nowadays, this method 
has been replaced by ICSI. 


Fig. 65.3: Graphic presentation of the different methods of micro-assisted fertilization: zona 
drilling, partial zona dissection (PZD), subzonal sperm injection (SUZI), intracytoplasmic sperm 


injection (ICSD 
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Intracytoplasmic sperm injection 
Technique of ICSI 


Originally described in 1988, with the 
first reported pregnancies documented in 
1992, ICSI was created to offer a new 
treatment option for couples with severe 
male-factor infertility who could not be 
helped by conventional IVF. Polyspermia 
was finally overcome with ICSI, a procedure 
which involves the injection of a single sperm 
into the oocyte. 


Ovarian stimulation, oocyte retrieval, 
and sperm preparation are performed as for 
conventional IVF. Oocytes are prepared by 
removing the surrounding acellular material 
with enzymes. ICSI is performed on all 
metaphase II oocytes (mature oocytes). 
Metaphase II oocytes have their diploid 
complement of chromosome disposed on the 
metaphase plate near the polar body. The 
oocyte is stabilized with a holding 
micropipette and injected under an inverted 
microscope at 400x. Individual single sperm 
are aspirated from a prepared semen 
specimen and injected directly into an oocyte 
immobilized in a droplet of medium under 
paraffin oil. The polar body is held at the 12 
or 6 o'clock position, and the injection 
micropipette containing the single sperm is 
pushed through the zona pellucida and 
oolemma into the cytoplasm of the oocyte. 


Indications for ICSI 


ICSI should be used mainly for 
irreversible or uncorrectable male-factor 
infertility, except for couples who have had a 
fertilization failure in a previous IVF cycle or 
in a condition called "rescue" ICSI, where 
ICSI is performed on day 2, after the failure of 


Table 65.1: Indications for ICSI. 


fertilization on the first day utilizing standard 
IVF (Table 65.1). 


Advantages of ICSI 


Intracytoplasmic sperm injection by far 
exceeds all other forms of micro-assisted 
fertilization in the limited number of motile 
sperm needed for successful fertilization and 
in the apparent absence of any relation 
between sperm (dys)function and the 
fertilization rate. 


The high efficacy of ICSI has widely 
extended the spectrum of treatable 
abnormalities in male fertility. The success 
rate of ICSI in male infertile couples is not 
limited by conventional semen characteristics 
such as concentration, progressive motility or 
percentage normal morphology, nor by the 
degree of physiological maturation in the 
testis and the epididymis, nor by the 
exhibition of capacitation by the 
spermatozoa. Even the presence of motion in 
spermatozoa as a sign of vitality is not 
required for the success of ICSI, as in patients 
with complete absence of sperm motility, 
vitality can be demonstrated either by the 
swelling of sperm in a hypotonic solution or 
by treating previously immobile spermatozoa 
with pentoxifylline. 


ICSI has been applied successfully in a 
high diversity of conditions with abnormal 
sperm function: 


e Severe forms of idiopathic male infertility in 
which capacitation and fertilization are highly 
unlikely to occur: such as severe 
hypergonadotropic 

oligoasthenoteratozoospermia in which only 
few motile spermatozoa can be recovered 
from the ejaculate. 


Female factor 

Failed previous IVF cycles 
"Rescue" ICSI 

Male factor 


Ejaculated sperm 


Severe oligoasthenospermia 


Abnormal sperm morphology 


Immunologic infertility 


Ejaculatory disorders 


Epididymal sperm 


Testicular sperm 


Necrospermia 


Obstructive azoospermia 


Non-obstructive azoospermia 


e Organic causes of male infertility in which 
the absence or loss of function of various 
anatomic parts of the male genital tract causes 
infertility: obstructive azoospermia with 
sperm recovered from the epididymis or from 
a testicular biopsy. 


e In men suffering from severe infertility and 
hypergonadotropic azoospermia, spermatozoa 
can be recovered from testicular tissue. 
Usually more than one biopsy is needed in 
order to retrieve a sufficient number of 
spermatozoa. 


e The presence of anti-sperm antibodies in 
male immunological infertility is an indication 
for ICSI, particularly if those antibodies are 
bound to the surface of the spermatozoa’s 
head. 


e Rare and sporadic forms of male infertility 
which are probably caused by mutations, such 
as globozoospermia and total sperm 
immotility. In these rare occasions the 
fertilization rate after ICSI seemed to be lower 
than the usual, which varies between 60-70%. 
In men with complete immotile spermatozoa, 
such as in the Kartagener syndrome the 
vitality of the spermatozoa can be identified 
by using the swelling test. With this method 
the intactness of the membrane of a 
spermatozoon is used to determine its vitality. 


ICSI can be performed successfully with 
frozen-thawed spermatozoa from tumor 
patients in whom sperm quality was often 
already impaired in the original ejaculate and 
who could not be treated successfully with 
earlier treatment modalities. It must however 
be noted that spermatogenesis may recur, as 
spermatozoa could be recovered from the 
semen of as many as 28% of men who 
previously underwent high-dose chemotherapy 
followed by bone marrow transplantation. 


Because in contrast to conventional IVF, 
no spermatozoa are bound to the zona 
pellucida in oocytes treated with ICSI, the 
latter method is commonly used in 
preimplantation genetic diagnosis (PGD) or in 
polar body biopsy in order to avoid any 
interference of the DNA of residual 
spermatozoa with the diagnostic process. 


Intracytoplasmic sperm injection as a 
treatment for male infertility reaches its 
limitation, with lower success rates, in at 
least four different clinical entities: 
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e Significantly lower fertilization and 
implantation rates were reported in couples 
treated because of hypergonadotropic 


azoospermia and in whom sperm has to be 
retrieved from testicular tissue. Although the 
role of the maternal genome is by far more 
important for subsequent embryonic 
development, the paternal genome also plays a 
role, particularly after some cleavage stages of 
embryonic development. Particularly in cases 
of severely reduced semen quality, embryonic 
development appears to be disturbed, possibly 
because of apoptosis in the spermatozoa with 
DNA damage. 


In some cases of globozoospermia 
surprisingly low fertilization rates were 
reported. The low fertilization rates in 
globozoospermia are caused by failure of 
oocyte activation and can be overcome by 
artificial activation of the oocyte. 


e In necrozoospermia, in which all seminal 
spermatozoa have lost their vitality because of 
some degenerative process or in semen 
samples displaying much apoptosis leading to 
DNA damage. ICSI is not successful with 
ejaculated spermatozoa. However, the 
collection of spermatozoa from the testicular 
tissue (TESE) may be helpful under these 
circumstances. 


e Successful pregnancies after [CSI with 
round spermatids collected from testicular 
tissue biopsies have been reported by few 
authors, but not by others. Because of the risk 
of incomplete or abnormal genomic imprinting 
of the male gamete, the risk of this method to 
the offspring can at present not be predicted. 


Factors affecting the outcome of ICSI 
e Maternal age 


Several factors have been evaluated as 
predictors of success with IVF/ICSI, but 
maternal age is the single most important 
predictor for having a successful outcome in 
IVF and ICSI. In a report by some authors, 
women aged over 40 years were noted to have 
one-sixth the number of clinical-pregnancies 
of women aged under 34 years. Other authors 
also, found significantly decreased pregnancy 
and delivery rates in older women (aged > 40 
years) after ICSI, and concluded that female 
age was a predictive factor for embryonic 
implantation. 


e Paternal age 


The effect of paternal age on reproductive 
outcomes has recently been investigated. 
Some authors reported a significant linear 
decline in semen volume, with no differences 
in concentration, motility, or morphology of 
spermatozoa with paternal aging among men 
undergoing ICSI. Pregnancy outcomes were 
not influenced by the age of the male partner, 
although an increase in tripronuclear zygotes 
was noted with men aged over 50 years. By 
contrast, in a study by other authors, sperm 
number, pregnancy, and live birth delivery 
were all inversely related to increasing 
paternal age. Recently, it was stated that 
"similar to maternal age over 35 years, 
paternal age over 40 years is a key risk factor 
in reproduction", as the odds ratio of failure 
to conceive for paternal age over 40 years was 
2.00 when the woman was 35-37 years old, 
and 5.74 for women of 41 years and older. 
Fathers aged 40 years and over are also 
associated with higher risks of miscarriage and 
early fetal death. 


e Sperm factors 


Some authors reviewed the effect of 
spermatozoa factors on results of ICSI. 
Despite no normal forms in a semen 
preparation, virtual azoospermia, or essentially 
no motile sperm in the ejaculate, pregnancy 
could still be achieved. The only time semen 
parameters had a significantly adverse effect 
on fertilization and pregnancy rates with ICSI 
was when there were no motile sperm. 
Therefore, sperm viability tests such as the 
hypo-osmotic swelling test (HOST), the 
modified HOST (50% mili-Q water/50% 
culture media), pentoxifylline-enriched media, 
and the mechanical touch technique have been 
found to be useful in severe asthenospermia. 


Several studies have demonstrated that 
fertilization, embryo transfer, and pregnancy 
are not related to sperm morphology following 
ICSI. Additionally, a study has indicated that 
pregnancy result and newborn status of 
couples using ICSI with serious 
teratozoospermia (0% normal morphology) 
were identical to controls having strict 
morphology greater than zero. These findings 
indicate that ICSI success would depend on 
the evaluation of the single sperm injected. 
Some authors found lower fertilization, 
pregnancy, and implantation rates, when the 
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individual sperm morphology was observed. 
The lower success rates applying to 
morphologically abnormal sperm for ICSI is 
further supported by evaluating the rate of 
aneuploidy in these cells. Other authors 
studied the rate of aneuploidy of the sex 
chromosomes and chromosome 18, using 
fluorescence in-situ hybridization (FISH) in 
men undergoing ICSI, ‘and found that 
morphologically abnormal sperm had a mean 
aneuploidy rate of 29%, compared to 1.8-5.5% 
in the morphologically normal sperm from the 
same sample. Furthermore, patients with a 
high frequency of sperm aneuploidy have 
lower pregnancy rates and higher miscarriage 
rates than those with normal sperm aneuploidy 
frequency. 


e Sperm DNA integrity 


Sperm DNA integrity is an essential 
requirement to achieve pregnancy in natural 
conception as well as for IVF outcomes where 
the natural process of fertilization is 
circumvented. A higher degree of sperm DNA 
damage has been found in couples 
presenting with unexplained recurrent 
pregnancy loss. 


Some authors reported that for 
intrauterine insemination there was a 
significantly higher chance of pregnancy/ 
delivery in the group with DNA fragmentation 
index (DFI < 27% and HDS (highly DNA 
stainable) < 10%. Although no statistical 
difference between the outcomes of IVF and 
ICSI was observed in the group with DFI < 
27%, ICSI had significantly better results 
than those of IVF in patients with DFI > 
27%. 


A meta-analysis reviewed two different 
types of tests to identify DNA damage and 
their relationship with ART. It was observed 
that the DNA fragmentation assessed by the 
terminal dUTP nick end-labeling (TUNEL) 
assay significantly decreases the chance of 
conventional IVF clinical pregnancy, but not 
that of ICSI clinical pregnancy. When the 
sperm chromatin structure assay was used, 
there was no significant effect on the chance 
of clinical pregnancy after IVF or ICSI 
treatment. Levels of DFI, as high as 47.9%, 
are compatible with ongoing pregnancy and 
delivery, especially with ICSI. 


Because of these conflicting results, the 
Practice Committee of the American Society 


for Reproductive Medicine recently 
summarized the current understanding of the 
impact of abnormal sperm DNA integrity on 
reproductive outcomes. This committee 
concluded that current methods for 
evaluating sperm DNA integrity alone do not 
predict pregnancy rates with intercourse, 
IUI, IVF, or ICSI. 


e Antisperm antibodies 


Antisperm antibodies may impair the 
fertilizing ability in vivo and prevent 
fertilization after IUI or conventional IVF. 
Only ICSI seems to overcome this problem, 
and this technique demonstrates comparable 
fertilization, pregnancy, implantation, and 
miscarriage rates for males with and without 
autoantibodies. 


e ROS level: 


Some authors reported that men with 
elevated ROS levels in semen have a 
sevenfold reduction in conception rates when 
compared with men who have low ROS. High 
ROS levels are also associated with decreased 
pregnancy rate following IVF or ICSI, and 
arrested embryo growth. Based on a recent 
meta-analysis, which included all of the 
available evidence from the literature, it was 
found that there is a significant correlation 
between ROS levels in spermatozoa and the 
fertilization rate after IVF. Thus, measuring 
ROS levels in semen specimens before [VF 
may be useful in predicting IVF outcome and 
in counseling selected patients with male- 
factor or idiopathic infertility. 


e Azoospermia 


Patients with obstructive azoospermia 
(OA) and nonobstructive azoospermia (NOA) 
are successfully treated with ICSI using 
surgically retrieved sperm from the 
epididymis or testis. In one retrospective 
review, some authors demonstrated that 
epididymal and testicular sperm from OA 
patients had fertilization and pregnancy rates 
comparable to those from patients for whom 
ejaculated sperm could be used. For patients 
with OA, only the etiology of the obstruction 
appears to influence the outcome of ICSI 
cycles. A meta-analysis suggested a higher 
fertilization rate for patients with acquired 
causes of OA, while patients with congenital 
bilateral absence of vas deferens (CBAVD) 
have a higher miscarriage rate. 


[538] 


Testicular sperm from patients with NOA 
has also been reported to achieve acceptable 
fertilization and pregnancy rates. However, 
there was a statistically significant decrease in 
fertilization and clinical pregnancy rates in 
the NOA group when compared to patients 
with OA. This is possibly due to the use of less 
mature spermatozoa than in men with normal 
spermatogenesis. When the NOA patients 
were further subdivided according to 
histological categories (tubular sclerosis, germ 
cell aplasia, and maturations arrest), all of 
them showed lower fertilization rates than OA 
patients. 


e Cryopreservation 


In the era of ICSI, cryopreservation has 
been used to avoid multiple surgical 
procedures and to have extracted sperm 
available prior to female ovarian induction. 
Although the freezing-thawing process may 
disrupt the quality and especially the motility 
of the spermatozoa, there is no significant 
difference in quality between fresh and 
frozen-thawed_ epididymal or testicular 
spermatozoa in patients with OA. There is 
much concern about NOA patients undergoing 
testicular sperm extraction (TESE), because of 
the inherently lower number and 
unsatisfactory quality of sperm that are 
retrieved using this procedure. There are 
contradictory reports in the literature about the 
success of using fresh or frozen sperm from 
both the epididymis and testis for ICSI. The 
outcomes from a meta-analysis showed an 
enhanced pregnancy rate when using fresh 
sperm, but when the data were further 
subdivided into epididymal and testicular 
samples separately, no difference in 
fertilization or pregnancy outcome was noted 
with testicular samples. 


Risks of assisted reproductive 
technology 


Ovarian hyperstimulation syndrome 


One of the most significant risks 
associated with ART is the ovarian 
hyperstimulation syndrome (OHSS). It occurs 
in 1-4% of patients undergoing stimulation 
and usually occurs 5-7 days after hCG 
administration. Extensive transudation of 
fluids rich in albumin leads to intravascular 
depletion, with subsequent hemo- 
concentration and hypo-albuminemia. 


Accumulation of fluid into the peritoneal and 
thoracic cavity is responsible for symptoms 
such as abdominal distension and pain, 
nausea, vomiting, diarrhea, and dyspnea. More 
serious sequelae can infrequently occur (< 
1%) and include hemorrhage, peritonitis, 
hypercoagulable state and even death. 


Multiple pregnancies 


The major risk after ART is the occurrence 
of multiple pregnancies. Approximately 29% of 
all IVF and ICSI cycles resulted in a twin 
gestation, and an additional 5% of cycles were 
reported to be triplets or higher order. Recently, 
efforts have been initiated by fertility centers to 
reduce the number of embryos transferred. 
Using the database established by the Human 
Fertilization and Embryology Authority in the 
UK, some authors showed that the success rate 
for three or two embryos transferred were 
similar, and this reduction essentially 
eliminated the risk of higher-order multiple 
pregnancies. 


Genetic defects in the offspring 


The bypass of natural barriers to 
fertilization, the possibility of genetic defects 
in men with severe 


oligoasthenoteratozoospermia, and the use of 
severely abnormal sperm for ICSI have 
aroused doubts about the impact of ICSI on 
the genetic complement of the offspring. 
Prenatal testing (chorionic villus sampling or 
amniocentesis) was used in 1586 ICSI fetuses 
after fresh embryo transfer. Abnormal fetal 
karyotypes were found in 47 samples (22 
inherited and 25 de novo anomalies). In 17/22 
inherited cases the chromosomal structural 
defect was inherited from the father. A 
significantly higher percentage of 2.1% de 
novo anomalies were observed for sperm 
concentrations below 20 million sperm/mL. 


Birth defects 


In one of the largest retrospective studies, 
some authors found that children born after 
IVF and IVF/ICSI had more major and minor 
birth defects than normally conceived (NC) 
controls. These authors noticed a greater than 
twofold risk of birth defects in both 
conventional IVF (9.0%) and IVF/ICSI (8.6%) 
children compared to controls (4.2%). There 
was a higher risk of chromosomal defects, 
musculoskeletal defects, and multiple major 
defects in the ICSI group than in the NC 
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controls. Another group prospectively 
evaluated 3372 ICSI children and compared 
them to matched controls. A significant 
increase in major malformations of the heart, 
gastrointestinal tract, and urinary tract, as well 
as chromosomal abnormalities, was seen in the 
ICSI infants as compared to controls. A meta- 
analysis suggests a statistically significant 
increased risk of 30-40% of birth defects 
associated with ART. 


Genetic defects in the father 


In cases of male infertility due to severe 
oligoasthenoteratozoospermia or non- 
obstructive azoospermia, a peripheral 
karyotype and a search for AZF deletion on 
Yqll should be performed. In men with 
CBAVD, mutations in the cystic fibrosis 
transmembrane conductance regulator (CFTR) 
gene should be evaluated. The most common 
genetic abnormality identified on genetic 
screening of infertile men is Klinefelter 
syndrome (47,XXY), which has an occurrence 
of 1 in 500 live male births and is reported to 
be present in 13% of cases of azoospermia. 
Sperm are easily found in testicular biopsies 
from these patients and fertilization rates 
greater than 50% using ICSI have been 
reported. Structural chromosomal aberrations 
of autosomes such as Robertsonian and 
reciprocal translations are not infrequent in 
oligospermic males. 


The overall prevalence of Y-chromosome 
micro-deletions in infertile patients is 8%. 
These deletions are extremely rare (0.7%) in 
patients with sperm concentrations greater 
than 5 million/mL. Male children conceived 
after ICSI will carry the same Y 
microdeletions as their father. It has been 
reported that up to one-third of patients with 
Turner's stigmata and sexual ambiguity have 
associated Y microdeletions. 


Cystic fibrosis (CF) is the most common 
autosomal recessive disease in Caucasians, 
with an incidence of 1 in 2500 and a carrier 
rate reported as 1 in 25. The CFTR 
identification has allowed the diagnosis of CF 
mutations in 72% of patients with CBAVD, 
30% with CUAVD, and 34% with epididymal 
obstruction. The obvious implications for 
reproduction in this population require that the 
female partners are also screened prior to any 
attempts at ICSI, and appropriate genetic 
counseling given. 


DNA instability 


DNA instability has been studied by 
examining trinucleotide repeats in the 
androgen receptor gene (CAG repeats). 
Normally, fewer than 30 repeats are found in 
exon 1 of this gene. Significant expansion of 
these repeats, most likely due to failure of the 
DNA to repair itself, leads to the development 
of a severe neurodegenerative syndrome 
(Kennedy's disease or Kennedy syndrome). 
Other authors detected longer than normal 
CAG nucleotide repeats in normally virilized 
men with normal genitalia and idiopathic 
azoospermia. Other authors showed an 
increase in CAG repeat lengths in testicular 
tissue from infertile men when compared with 
blood tissue. This suggests that CAG repeat 
expansion may be the cause of some forms of 
severe infertility. More importantly, repeat 
expansion may represent a more global 
problem with DNA repair. Finally, while 
many DNA microsatellites have no functional 
importance, accelerated expansion of the CAG 
repeat lengths with ICSI may not place the 
direct offspring in danger, but may place 
future generations from such a family at risk 
of developing Kennedy's disease. 


Cost-effectiveness of ART 


Economic factors play a major role in the 
consideration of treatment options for male 
reproduction. The costs of ART must take 
numerous factors into consideration, including 
the evaluation of the patient, the need for 
expensive fertility drugs to cause the eggs to 
mature, surgical intervention to retrieve the 
eggs, fertilizing and incubating the embryos, 
multiple gestation pregnancies, complications 
associated with preterm labor, prolonged 
hospitalization, retrieving and processing the 
sperm, and, finally, the desire for future 
children. Some authors reported that the cost 
was as low as $50 000 per delivery for the first 
cycle in couples with tubal-factor infertility, 
while the cost increased to $160 000 for the 
first cycle in women over 40 years old. 


Given the relatively high pregnancy rates 
from ICSI combined with epididymal or 
testicular sperm, some people have been 
questioning the need for microsurgical 
reconstruction of the male reproductive tract 
after vasectomy. However, in a recent review 
that compared the costs of vasectomy reversal 
to ICSI, the average cost per delivery for 
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vasectomy reversal was only $25 475, with a 
delivery rate of 47%. This is in contrast to the 
cost of sperm retrieval and ICSI at an average 
of $72 521, with a delivery rate of 33%. 
Similar findings were demonstrated by other 
authors when they compared the costs of 
performing vaso-epididymostomy to MESA 
with IVF/ICSI. The average cost for vaso- 
epididymostomy was $31 099, with a delivery 
rate of 36%, compared to $51 024 and a 


delivery rate of 29% for MESA with 
IVF/ICSI. Even a repeat microsurgical 
reconstruction is more cost-effective than 
ART. 


Adjunctive procedures 
Assisted hatching 


The ability of a blastocyst to hatch, or 
escape, from the zona pellucida (ZP) that 
surrounds and protects the embryo during its 
first few days of development is one of many 
critical events that must occur for successful 


reproduction. Assisted hatching (AH) is 
achieved by zona dissection, drilling, or 
thinning, making use of acid solutions, 


proteases, piezon vibrators, and lasers. 


Assisted hatching may be clinically 
useful in patients with a poor prognosis, 
including those with two or more failed IVF 
cycles, poor embryo quality, and older women 


(> 38 years of age). However, 
some reports suggest that it might be 
associated with higher rates of embryo 


damage and monozygotic twinning. 
Preimplantation genetic diagnosis 


Preimplantation genetic diagnosis (PGD) 
was first clinically applied in 1990 for genetic 
testing of embryos developed through IVF for 
couples who were at risk of transmitting an X- 
linked recessive disorder. Nowadays, it is 
offered as a method of allowing couples at risk 
for having children with genetic aberrations an 
opportunity to transfer only unaffected 
embryos and to discard embryos with genetic 
abnormalities. PGD is tested for the following 
conditions: 


(1) autosomal single-gene disorders such as 
thalassemia, cystic fibrosis, | Tay-Sachs 
disease, and sickle cell disease; 


(2) chromosomal rearrangements (inherited 
chromosomal abnormalities); 


(3) aneuploidy; 


(4) X-linked diseases; 
(5) nonmedical sex selection; 
(6) human leukocyte antigen (HLA) typing. 


Initially, single blastomeres were 
analyzed using multiplex polymerase chain 
reaction (PCR) to amplify X- and Y- 
chromosome-specific sequences. Now, FISH 
technology is routinely used for sex- 
chromosome assessment. For single gene 
defects, identification of the specific mutations 
has led to the development of specific PCR 
probes to identify affected, carrier, and normal 
embryos. A second strategy in PGD is the use 
of the first and second polar body, which are 
extruded during maturation and fertilization of 
oocytes, for PCR and FISH analysis. 


Preimplantation genetic screening (PGS) 
for aneuploidies has been performed in 
patients with advanced maternal age, 
unexplained recurrent miscarriage, recurrent 
implantation failure, nonobstructive and 
obstructive azoospermia (NOA and OA), and 
severe sperm morphology anomalies. 


As far as male factors are concerned, an 
increased aneuploidy rate has been observed 
on both testicular and epididymal spermatozoa 
from NOA and OA compared with normo- 
zoospermic men (19.6% vs. 8.2% vs. 1.6%, 
respectively). Increased aneuploidy and 
mosaicism rates have also been demonstrated 
on embryos derived from azoospermic men 
(NOA and OA) compared with embryos 
derived from fertile men. Multiple studies 
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have documented an enlarged frequency of 
sperm chromosomal anomalies in terato- 
zoospermic spermatozoa, thereby generating 
controversy as to whether these patients 
should undergo ICSI. Although infrequent, 
macro-cephalic spermatozoa have been more 
extensively studied in the context of PGS, 
because they seem to be more strongly related 
to aneuploidy. 


Experimental procedures 
Round spermatid nucleus injection 


Round spermatid nucleus injection 
(ROSNIT) is a method of IVF in which 
immature sperm are injected directly into the 
egg. Although some reproductive centers have 
shown some success with ROSNI, there is 
much concern about the health of the offspring 
conceived through this technique, especially 
sex-chromosome abnormalities and genomic 
imprinting. 


Somatic cell nuclear transfer: cloning 


In 1997, the use of a somatic cell nucleus 
in the sheep culminated in the birth of the 
famous Dolly. This has been successfully 
followed in rodents, cats, pigs, cows, sheep, 
dogs, and horses. The cloning process has 
great research potential, i.e., a cloned entity 
could be the source of an inner cell mass for 
the creation of a stem cell line. It is obvious 
that a clear distinction needs to be made 
between nuclear cloning for reproductive 
purposes and nuclear cloning for therapeutic 
or investigational purposes. 


Section 10: Treatment of male infertility 


Chapter 66: Sperm cryopreser vation 


Introduction 


Sperm can be obtained for banking 
purposes from various sources, depending on 
the clinical circumstances. Possible sources 
include appropriately collected ejaculated 
semen, postejaculate urine, and surgically 
retrieved testicular tissue. 


Principles 
Basic principles of cryopreservation 


The introduction of permeable cryo- 
protective agents (CPA), such as glycerol and 
dimethyl sulfoxide, allowed for the 
development of many cryopreservation 
protocols for various cells and tissues. An 
adequate intracellular concentration of these 
agents protects from potentially damaging 
intracellular ice formation and osmotic shock 
during the freezing phase. 


Typically, there is a critical cooling rate 
for maximal survival. In general, and for most 
cells, a high survival rate requires that the 
cooling rate be sufficiently slow to avoid 
intracellular ice formation. 


The warming rate also influence cell 
survival. Cells in which ice crystals have 
formed may still survive if matched with a 
sufficiently rapid thawing rate. 


Cryopreservation of spermatozoa 


The most successful methods for 
cryopreservation of human spermatozoa use 
slow initial cooling to 5°C (-0.5°C/min), 
followed by a faster freezing rate (-20°C/min) 
to -80 °C and a very rapid dip to -1%°C (- 
200°C/min) in the presence of glycerol 
buffered with a TRIS-TES egg yolk-citrate 
medium. When these optimized freezing 
conditions are achieved, volume and storage 
container do not seem to be major factors in 
human sperm cryo-survival, thus permitting 
each user to choose between straws or vials 
holding between 0.1 and 1.0 mL. While 
satisfactory success rates have been achieved 
with cryopreserved sperm through either 
intrauterine insemination (IUI) or in-vitro 
fertilization, an associated decrease in post- 
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thaw sperm viability has been reported that 
can be potentially significant in cases of 
oligospermic samples. 


Cryopreservation procedures have been 
reported to cause generation of reactive 
oxygen species (ROS), which have been 
shown to have a negative effect on sperm 
function. The levels of the per-oxidative 
protectant enzyme superoxide dismutase 
(SOD) have been observed to be consistently 
lower in thawed cryopreserved sperm than in 
corresponding fresh samples. 


A study showed that the addition of 
dithiothritol which prevents oxidation damage 
of sulfhydrol groups, was able to significantly 
improve post-thaw motility in poor-quality 
human semen, and motility was further 
enhanced by cryo-seeding the specimen prior 
to final freeze. While human spermatozoa are 
known to tolerate manipulation, appropriate 
sperm handling to minimize mechanical 
stresses (such as those involved in pipetting, 
mixing, and centrifugation) was also 
suggested as one of the determining factors for 
survival. 


Cryopreservation of testicular tissue 


Advanced-stage germ cells, namely 
spermatids and spermatozoa, can be retrieved 
successfully from cryopreserved testicular 
tissue using mechanical extraction or 
enzymatic digestion and used subsequently for 
IVF with intracytoplasmic sperm injection 
(ICSI). Live births have been reported using 
spermatozoa extracted from cryopreserved 
testicular tissue. 


Techniques 
Methods for sperm collection 


Donor or patient semen samples that are 
to be cryopreserved are collected in the same 
manner that is used for semen analysis at a 
fertility clinic or physician's office. Sexual 
abstinence for 2-4 days is recommended to 
obtain an ideal sperm count. 


The recommended technique for sample 
production is masturbation (without 


lubricants) within a private room associated 
with the laboratory or physician's office. This 
assures that the sample is processed 
efficiently, a factor that may be critical for 
poor-quality samples. The sample must be 
collected in a sterile, non-spermatotoxic 
container supplied by the laboratory. If the 
man cannot masturbate, for religious or 
psychological reasons, the sample can be 
produced in a condom during intercourse and 
transferred to a sterile container. Since it is 
imperative that the condom does not contain 
spermicides, a Milex sheath or device 
provided by the laboratory should be used. 
Coitus interruptus is not acceptable, because 
of contamination of the specimen. 


Methods for testicular sperm retrieval 


There are several surgical approaches for 
retrieval of epididymal and testicular sperm 
from patients with obstructive or 
nonobstructive azoospermia. In patients with 
obvious obstructive azoospermia (e.g., 
congenital absence of vas deferens, failed 
vasectomy reversal, etc.) sufficient numbers of 
sperm can be obtained by simple testicular 
sperm aspiration or extraction procedures 
(TESA and TESE, respectively), as well as by 
microscopic or percutaneous epididymal 
sperm aspiration (MESA and PESA, 
respectively). Other procedures, such as 
micro-dissection TESE and testis fine-needle 
aspiration mapping, have been developed for 
sperm retrieval in cases of nonobstructive 
azoospermia, in which the limited 
spermatogenesis is associated with lower rates 
of successful retrieval. 


For collected testicular tissue, the 
specimens are placed in a sterile tube 
containing 2-4 mL of 37°C buffered medium 
such as human tubal fluid (HTF) containing 
HEPES to maintain pH. If micro-TESE is 
performed, separate tubes are labeled for the 
left and right testes tissue. The specimens 
should be transported to the laboratory in a 
timely manner. 


All procedures in the laboratory are 
performed under a laminar flow hood using 
sterile technique. The biopsy specimens are 
placed in a 35 mm Petri dish with HTF- 
HEPES supplemented with 0.3% bovine 
serum albumin (BSA) at 37°C. Under a 
dissecting microscope, the seminiferous 
tubules are gently teased apart using 21-gauge 
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needles, and the contents are gently squeezed 
into the surrounding media. The tubules are 
transferred to a 15 mL conical tube containing 
1 mL of fresh medium, and the cell suspension 
is transferred to a separate centrifuge tube. 
Both tubes are incubated at 37°C for 15-30 
minutes, and the supernatant of the first tube 
(containing tubules) is combined with the cell 
suspension in the second tube. The suspension 
is next centrifuged at 500 x g for 5 minutes, 
and the pellet is re-suspended in 1 mL Ham's 
F-10 with 0.3% BSA. A cell count is 
performed with a counting chamber, and the 
sperm suspension is diluted or concentrated to 
0.5-1.0 x 10° sperm/mL. If the count is very 
low, the cells should be suspended in 200uUL 
media. Prior to freezing, an aliquot should be 
removed to assess sperm quality. The sperm 
count and motility can be determined 
manually and a morphology smear made using 
the feathering technique followed by staining 
and classification using the WHO third edition 
criteria or the strict criteria (WHO, fourth 
edition). A drop of sperm cells is also stained 
for cell viability using 0.5% eosin Y vital stain 
and live: dead ratios determined. This 
information can prove valuable to the clinician 
and laboratory at the time of IVF/ICSI. 


Medium and specimen preparation 


There are several ingredients of sperm 
cryo-protective buffers that are essential for 
the successful freeze-thaw of spermatozoa. 
Successful cryo-media require the cryo- 
protectant glycerol. However, it should be 
noted that glycerol itself can be detrimental to 
survival of human spermatozoa. Thus it is 
essential that final concentrations of glycerol 
in the sperm mixture not exceed 7.5%; that, 
once added, the cooling/freezing process 
commences immediately; and that, post-thaw, 
the mixture is removed from the sperm cells 
by immediate washing. 


The highest post-thaw viability, motility 
and penetration capacity was found with the 
TES-TRIS-citrate-yolk-glycerol mixture 
named TEST-CII. This mixture is now sold 
commercially. While widely used in the sperm 
banking industry, TEST-yolk buffer must be 
removed from the sperm cells prior to in-vivo 
or in-vitro applications. 


Once the semen specimen has liquefied, a 
sperm count, motility, and morphology 
assessment is made and noted in the chart for 


subsequent use. If the sperm concentration is > 
100 x 10° sperm/mL, the specimen can be 
diluted to < 100 x 10%/mL using a buffered 
medium such as Ham's F-10. Similarly, if the 
sperm count is < 20-40 x 10° sperm/mL, the 
specimen can be concentrated by 
centrifugation and re-suspension to 
approximately 20-40 10° sperm/mL. These 
steps permit an optimized number of sperm 
per vial for subsequent use in pregnancy 
attempts using IUI. In the case of TESE, cells 
should be appropriately diluted or 
concentrated to allow for the freezing of 
multiple aliquots in separate cryovials. This 
can vary from as low as a few hundred sperm 
in 200 uL final volume to as many as 1-2 x 
10° cells per 0.8 mL final volume. 


The cryo-protectant medium is added 
slowly in a drop-by-drop fashion over a 10- to 
15-minute period, with gentle mixing between 
additions in order to minimize osmotic shock 
to the cells. In general, a 1:1 dilution of sperm 
suspension and cryobuffer is used. It is ideal to 
slow-cool the specimens to 4°C to minimize 
cold shock. This can be achieved by placing 
the tubes containing the sperm mixtures in a 
beaker containing 250 mL room-temperature 
water and placing this in a 4°C refrigerator for 
1.5-2 hours. The specimens are then 
transferred in 0.5-1.0mL volumes (with 
exceptions noted for low sperm counts) to pre- 
labeled cryovials or  cryostraws and 
immediately processed for freezing. If good 
cryo-protectants and procedures are used, 
there is little difference with regard to post- 
thaw sperm quality when vials are compared 
to straws Labeling on the storage container 
and holding canes must include the patient's 
name, record number, and date. If an adequate 
number of sperm are available, a 100 uL 
aliquot should be separately frozen and 
thawed within 1-3 days to obtain post-thaw 
recovery counts and motility information, 
which can be invaluable during subsequent 
use. 


Specimen freezing, storage, and thawing 


The most common and easiest method for 
freezing of cryovials is to place them in the 
vapor phase of liquefied nitrogen for 15-30 
minutes. This results in a rapid freeze at the 
rate of approximately -20 °C per minute to the 
temperature of -80°C. This can be 
accomplished by loading the cryovials on 
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cryocanes and placing them in a nitrogen 
vapor tank used for sperm shipping, or by 
suspending the cryovials in the nitrogen vapor 
phase above the liquid phase in a nitrogen 
storage tank. Holders for suspending the 
specimens in the nitrogen vapor are available 
from several commercial vendors. For 
cryostraws, the straws can be placed on a rack 
that is held 10 cm above the liquid phase of 
nitrogen, which also rapidly freezes the sperm 
cells. After 15-30 minutes in nitrogen vapor, 
the sperm containers can be dipped into liquid 
nitrogen, where they can be held indefinitely 
at - 196°C. It is critical that the samples 
remain below the liquid surface until they are 
removed for thawing. When subsequently 
checked for specimen identification and 
location, it is imperative that the canes not be 
taken into room temperature, even 
momentarily, and dipped back into liquid 
nitrogen. Even though a change is not visible 
to the naked eye, this could result in raising 
and lowering the core temperature of the 
frozen specimen, leading to cryo-damage to 
the cells. Specimen identification should 
instead be done in the mouth of the cryo- 
container (-80°C) or in a Styrofoam box 
containing liquid nitrogen. 


As a rule of thumb in cryobiology, thaw 
rates should match the freezing rates. Thus, 
since human sperm are frozen at rapid freezing 
rates, the thawing protocols should include 
rapid thaw rates. This can be best 
accomplished by placing the cryovials or 
straws in a 37°C water bath for five minutes. 
However, when good protocols are in place, 
thawing at room temperature can produce 
equivalent results. Once thawed, the sperm 
should be processed immediately to remove 
the cryo-protectants and avoid glycerol 
toxicity. This can be accomplished by dilution 
in buffered medium with 0.3% serum albumin, 
followed by centrifugation and a second wash. 
Alternatively, the specimens can be passed 
through glass wool columns or particulate 
gradients such as Percoll. 


Equipment requirements 


The equipment necessary for sperm 
cryopreservation in the laboratory includes the 


following: light microscope, counting 
chambers, calibrated pipettes, low-speed 
centrifuge, liquid nitrogen storage tank, 


nitrogen vapor holding chamber or rack, and 


nitrogen vapor shipping tanks. These are 
available from a number of commercial 
suppliers. Supplies will include routine 
delivery of liquid nitrogen, freezing medium, 
freezing vials or straws, canes, disposable 
tubes, and other standard Andrology 
laboratory supplies. 


Applications 


Donor semen and screening for HIV and 
other known sexually transmitted diseases 


Cryobanking of donor sperm is a major 
application for sperm cryopreservation. This 
use allows for the utilization of carefully 
screened donor semen for assisted 
reproductive technologies (ART), mainly for 
couples with an irreversibly infertile male 
partner. Semen samples obtained from healthy 
donors can be used for IUI as well as for IVF 
when indicated by the reproductive status of 
the female partner. 


Recommended donor screening and 
evaluation include a detailed medical history 
and a complete physical examination, as well 
as testing for certain genetic and infectious 
diseases. The latter includes serologic tests for 
syphilis, serum testing for HIV, active CMV 
infection, hepatitis B antigen (HBsAg), and 
hepatitis C antibody, semen or urethral tests 
for Neisseria gonorrhoeae, and urethral or 
urinary testing for Chlamydia trachomatis, to 
be obtained initially and repeated at six-month 
intervals. Potential donors who are found to be 
positive for these infectious agents must be 
excluded. 


Once a donor passes the screening 
process, samples may be collected, frozen, and 
stored for a six-month quarantined period. 
After the donor is retested for the infectious 
diseases and found to be negative, quarantined 
samples can be released for usage. 


Collection of sperm for future insemination 
prior to vasectomy or planned gonadotoxic 
treatments for cancer 


Certain malignant diseases such as 
leukemias, lymphomas, and testicular cancer, 
strike teenagers and young men during their 
reproductive years. In fact, testicular cancer is 
the most common malignancy in men of 
reproductive age. Furthermore, cancers that 
are common in young men, such as testicular 
cancer and Hodgkin's lymphoma, are some of 
the most treatable, creating a pool of young 
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men who survive their malignancies and go on 
to potentially desire children. 


Treatment methods for these malignancies 
include chemotherapy, surgery, and irradiation 
of the abdomen and pelvis, which can 
negatively impact fertility through direct 
damage to spermatogenesis or interruption of 
the neuronal pathways that regulate erection 
and ejaculation. 


A recent study has investigated the trends 
in sperm parameters following chemotherapy 
and radiotherapy for testicular cancer. A 
statistically significant decrease in sperm 
parameters was observed after these 
treatments, which was most significant three 
months after the end of chemotherapy and six 
months after the end of radiotherapy. Two 
years after therapy, 3% of the patients who 
received chemotherapy and 6% of those who 
were treated with radio-therapy remained 
azoospermic. 


The availability of IVF/ICSI, requiring 
only a single sperm of good quality to achieve 
a pregnancy, makes it worthwhile for young 
men to bank cryopreserved semen prior to 
cancer treatment even if their sperm counts 
and motility are impaired at the time of cancer 
diagnosis. Even one semen sample can be 
divided into small aliquots and frozen, to 
provide sufficient material for several sub- 
sequent cycles of IVF/ICSI. A study of IVF 
procedures performed with cryopreserved 
semen specimens obtained from men with 
malignant diseases demonstrated a fertilization 
rate of 60% and a 40% pregnancy rate. 


Utilization of surgically retrieved sperm for 
IVF/ICSI in cases of azoospermia 


The introduction of ICSI, requiring 
limited sperm numbers for achieving 
fertilization, has revolutionized the treatment 
of male infertility. This technique, coupled 
with IVF, enables men whose infertility was 
previously considered as uncorrectable to 
father a biological offspring. 


Cryopreserved surgically retrieved sperm 
can be used for IVF/ICSI in cases of both 
obstructive and nonobstructive azoospermia 
(NOA). In patients with clear-cut obstructive 
azoospermia (OA), such as congenital absence 
of vas deferens or failed vasectomy reversal, a 
simple open testis biopsy will yield sufficient 
numbers of sperm for ART. 


However, as spermatogenesis is impaired 
in men with NOA, sperm retrieval rates have 
been reported to be only 36-64% if a standard 
testicular sperm extraction (TESE) procedure 
is performed. Several microsurgical methods 
have been suggested to address this problem. 
Micro-dissection TESE has been reported to 
provide better sperm retrieval through smaller 
volumes of testicular tissue removed, as 
compared to standard biopsies, with the 
additional advantage of identification and 


preservation of the  subtunical vessels, 
potentially lowering the risk of the testicular 
function impairment observed in larger- 


volume standard testicular biopsies. 


The possible superiority of cryopreserved 
surgically retrieved sperm versus fresh sperm 
(obtained surgically on the day of the actual 
IVF procedure) in terms of IVF/ICSI 
outcomes has been subject to much debate in 
the recent years. In early studies, fertilization 
and/or pregnancy rates were reported to be 
lower with frozen-thawed sperm than with 
fresh, and associated with higher spontaneous 
abortions and a lower live birth rate as 
compared with fresh testicular sperm. 
However, evidence is now accumulating to 
support the use of frozen-thawed sperm, which 
has multiple benefits. Cryopreserved TESE 
sperm from both obstructive and 
nonobstructive azoospermic patients was 
shown to maintain adequate viability post 
thaw and to achieve excellent fertilization and 
pregnancy rates with IVF/ICSI. A larger 
follow-up study comparing fresh versus frozen 
TESE sperm at a single clinic, sometimes on 
the same patients, with first attempt using 
fresh and second attempt using frozen, 
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revealed no difference between fresh and 
frozen-thawed TESE sperm with regard to 
fertilization rates, embryo cleavage rates, 
pregnancy rates, delivery rates, and 
spontaneous abortion rates. Furthermore, 
there was no difference between patients with 
OA and those with NOA. Studies at other 
centers have also demonstrated that in men 
with OA and NOA, cryopreserved sperm can 
yield IVF/ICSI outcomes similar to those 
provided by fresh TESE sperm. 


These results, with similar pregnancy 
rates with both types of sperm, clearly indicate 
that cryopreserved sperm are not inferior to 
fresh sperm. 


Routine consideration of = sperm 
cryopreservation for possible future IVF/ICSI 
procedures at the time of diagnostic testicular 
biopsy or reconstructive surgery has been 
recommended, because of a number of 
advantages that cryopreservation provides. 
Advanced attempts to freeze surgically 
retrieved testicular sperm can avoid a costly 
ovarian stimulation cycle for the partner if no 
sperm are retrieved during the TESE 
procedure. Freezing the specimen at the time 
of diagnostic biopsy minimizes testicular dam- 
age from repeated biopsies, since 
cryopreservation of TESE specimens allows 
for storage of multiple vials, which can be 
used for several cycles of IVF/ICSI. 
Furthermore, surgical sperm retrieval and 
cryopreservation in advance may be more 
convenient to the couple undergoing IVF/ICSI 
treatment, as this approach obviates the need 
to perform surgical procedures on both 
partners on the same day. 
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